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ABSTRACT 

Context. Variability across the electromagnetic spectrum is a property of active galactic nuclei (AGN) that can help constrain the 
physical properties of these galaxies. Nonetheless, the way in which the changes happen and whether they occur in the same way in 
every AGN are still open questions. 

Aims. This is the third in a series of papers with the aim of studying the X-ray variability of different families of AGN. The main 
purpose of this work is to investigate the variability pattern(s) in a sample of optically selected Seyfert 2 galaxies. 

Methods. We use the 26 Seyfert 2s in the Veron-Cetty and Veron catalog with data available from Chandra and/or XMM- Newton 
public archives at different epochs, with timescales ranging from a few hours to years. All the spectra of the same source were 
simultaneously fitted, and we let different parameters vary in the model. Whenever possible, short-term variations from the analysis 
of the light curves and/or long-term UV flux variations were studied. We divided the sample into Compton-thick and Compton-thin 
candidates to account for the degree of obscuration. When transitions between Compton-thick and thin were obtained for different 
observations of the same source, we classified it as a changing-look candidate. 

Results. Short-term variability at X-rays was studied in ten cases, but variations are not found. From the 25 analyzed sources, 11 show 
long-term variations. Eight (out of 11) are Compton-thin, one (out of 12) is Compton-thick, and the two changing-look candidates are 
also variable. The main driver for the X-ray changes is related to the nuclear power (nine cases), while variations at soft energies or 
related to absorbers at hard X-rays are less common, and in many cases these variations are accompanied by variations in the nuclear 
continuum. At UV frequencies, only NGC5194 (out of six sources) is variable, but the changes are not related to the nucleus. We 
report two changing-look candidates, MARK 273 and NGC 7319. 

Conclusions. A constant reflection component located far away from the nucleus plus a variable nuclear continuum are able to 
explain most of our results. Within this scenario, the Compton-thick candidates are dominated by reflection, which suppresses their 
continuum, making them seem fainter, and they do not show variations (except MARK 3), while the Compton-thin and changing-look 
candidates do. 
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1. Introduction 

It is widely accepted that active galactic nuclei (AGN) are pow- 
ered by accretion onto a supermassive black hole (SMBH. lReesI 
1 984 ). Among them, the different classes of Seyfert galaxies 
(type 1/type 2) have led to postulating a unified mod el (UM) 
for all AGN (lAntonuccil 1 1 993b lUrrv & Padovanilll995l) . Under 
this scheme, the SMBH is fed by the accretion disk that is sur¬ 
rounded by a dusty torus. This structure is responsible for ob¬ 
scuring the region where the broad lines are produced (known 
as broad line region, BLR) in type 2 objects, while the region 
where the narrow lines are produced (narrow line region, NLR) 
is still observed at optical frequencies. The difference between 
type 1 and 2 objects is therefore due to orientation effects. 

In agreement with the UM, the type 1/type 2 classifications 
at X-ray frequencies are based on the absorption column den¬ 
sity, Nh , because it Unrelated with the obscuring material along 
our line of sight dMaiolino et alJ[l998 ): therefore, we observe a 
Seyfert 1 if Nh < 10 22 cm~ 2 , i.e., unobscured view of the inner 
parts of the AGN, and a type 2 if the column density is higher, 
i.e., obscured view through the torus (e.g. jRisaliti et al.l120021) . 
When Nh > 1.5 x 10 24 cm -2 , the absorbing column density is 
higher than the inverse of the Compton-scattering cross-section. 


and the sources are known as Compton-thick dMaiolino et al.l 
119981) . 

In fact. X-rays are a suitable tool for studying AGN be¬ 
cause they are produced very close to the SMBH and because 
of the much smaller effect of obscuration at these frequencies 
than at UV, optical, or near-IR. Numerous studies have been 
made at X-ra y frequencies to characterize the spectra of Seyfert 


galaxies (e.g.. Turner et al. 1997; Risaliti 2002; 

Guainazzi et al. 

2005b a; Panessa et a 

J 2006; Canni et al. 2006 

Noguchi et al. 

2009; LaMassa et al. 

201 It Bright man & Nandra 2011;]). The 


present work is foc used on Seyfert 2 galaxie s, which represent 
~ 80% of all AGN (M aiolino & Riekall995l) . The works men¬ 


tioned above have shown that the spectra of these objects are 
characterized by a primary power-law continuum with a pho¬ 
toelectric cut-off, a thermal component, a reflected component, 
and an iron emission line at 6.4 keV. It is important to appropi- 
ately account for the physical parameters of their spectra in order 
to constrain physical properties of the nuclei. 

Given that variability across the electromagnetic spectrum 
is a property of all AGN, understanding these variations offers 
an exceptional opportunity to constrain the physical characteris¬ 
tics of AGN, which are known to show variations on timescales 
ranging from a few days to years dPetersonll 19971) . The first sys- 
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Table 1: General properties of the sample galaxies. 


Name 

(1) 

RA 

(J2000) 

(2) 

DEC 

(J2000) 

(3) 

Dist. 1 

(Mpc) 

(4) 

N Ga , 

(10 20 cm -2 ) 
(5) 

my 

(6) 

Morph. 

type 

(7) 

HBLR 

(8) 

Ref. 

(9) 

MARK 348 

0 48 47.2 

31 57 25 

63.90 

5.79 

14.59 

SO-a 

/ 

1 

NGC 424 

1 11 27.7 

-38 5 1 

47.60 

1.52 

14.12 

SO-a 

/ 

1 

MARK 573 

1 43 57.8 

2 20 59 

71.30 

2.52 

14.07 

SO-a 

/ 

1 

NGC 788 

2 1 6.5 

- 6 48 56 

56.10 

2.11 

12.76 

SO-a 

/ 

1 

ESO417-G06 

2 56 21.5 

-32 11 6 

65.60 

2.06 

14.30 

SO-a 

- 


MARK 1066 

2 59 58.6 

36 49 14 

51.70 

9.77 

13.96 

SO-a 

X 

2 

3C98.0 

3 58 54.5 

10 26 2 

124.90 

10.20 

15.41 

E 

- 


MARK 3 

6 15 36.3 

71 2 15 

63.20 

9.67 

13.34 

SO 

/ 

1 

MARK 1210 

8 4 5.9 

5 6 50 

53.60 

3.45 

13.70 

- 

/ 

2 

NGC 3079 

10 1 58.5 

55 40 50 

19.10 

0.89 

12.18 

SBcd 

X 

2 

IC 2560 

10 16 19.3 

-33 33 59 

34.80 

6.40 

13.31 

SBb 

- 


NGC 3393 

10 48 23.4 

-25 9 44 

48.70 

6.03 

13.95 

SBa 

- 


NGC 4507 

12 35 36.5 

-39 54 33 

46.00 

5.88 

13.54 

Sab 

/ 

1 

NGC 4698 

12 48 22.9 

8 29 14 

23.40 

1.79 

12.27 

Sab 

- 


NGC 5194 

13 29 52.4 

47 11 41 

7.85 

1.81 

13.47 

Sbc 

X 

2 

MARK 268 

1341 11.1 

30 22 41 

161.50 

1.37 

14.66 

SO-a 

- 


MARK 273 

13 44 42.1 

55 53 13 

156.70 

0.89 

14.91 

Sab 

- 


Circinus 

14 13 9.8 

-65 20 17 

4.21 

74.40 

12.1 

Sb 

y 

1 

NGC 5643 

14 32 40.7 

-44 10 28 

16.90 

7.86 

13.60 

Sc 

X 

2 

MARK 477 

14 40 38.1 

53 30 15 

156.70 

1.05 

15.03 

E? 

y 

2 

IC4518A 

14 57 41.2 

-43 7 56 

65.20 

8.21 

15. 

Sc 

- 


ESO 138-G01 

16 51 20.5 

-59 14 11 

36.00 

13.10 

13.63 

E-S0 

- 


NGC 6300 

17 16 59.2 

-62 49 5 

14.43 

7.76 

13.08 

SBb 

- 


NGC 7172 

22 2 1.9 

-31 52 8 

33.90 

1.48 

13.61 

Sa 

X 

2 

NGC 7212 

22 7 2.0 

10 14 0 

111.80 

5.12 

14.8 

Sb 

y 

1 

NGC 7319 

22 36 3.5 

33 58 33 

77.25 

6.15 

13.53 

Sbc 

- 



(Col. 1) Name, (Col. 2) right ascension, (Col. 3) declination, (Col. 4) distance, (Col. 5) galactic absorption, (Col. 6) aparent magni¬ 
tude in the Johnson filter V from lVeron-Cettv & Veronl (j2010l), (Col 7) galaxy morph ological type from Hyperleda , (Col. 8) hidden 
broad polarized lines detected, and (Col. 9) its refs.: (11 1 Veron-Cettv & V eronl (120 101) : and (2) lGu & Huand(l2002l) . 

□All distances are taken from the NED and correspond to the average redshift-independent distance estimates. 


tematic v ariab ilit y stu dy of Seyfert 2 galaxies was performed 
by [Turner et al.l (i 19971) using ASCA data. Their results show that 
short-term variability (from hours to days) is not common in 
Seyfert 2s, in contrast to what is observed in Seyfert 1 (e.g., 
[Nandra et alJ[1997l) . Because these galaxies are obscured by the 
torus, the lack of variations could come from these sources be¬ 
ing reflection-dominated, as shown by some authors that stud¬ 
ied Compton-thick sources (lAwaki et al.l T99lt lLaMassa et al.l 
1201 it iMatt et akl 1201 3t I Arevalo et al. 2014) . However, a num¬ 
ber of Seyfert 2s actually do show variations. The study of 
the variability has been approached in different ways from 
the analysis of the light curves to study of short-term varia- 
tions (lAw aki et al.ll2006l). t hrough co unt-rate or flux variations 
(llsobe et al.l 2005riTrippe et al.ll201 lh . or comparisons o f spec¬ 
tra of the same source at different epoc hs (LaM assa et alJl2?5Tl1: 


Mari nucci et al.l20l3tlMarchese et al.l2014 ). The observed vari¬ 

ations may be related with absorbing material that crosses our 
line of sight Risaliti et al. 2002 2010) and/or can be intrinsic to 
the sources (Eva ns et al .1120051 LSobolewska & Papadakisl [2009: 
Brait o et al.ll2013l) . A few Seyfert 2s also showed changes from 
being reflection-dominated to transmiss ion-dominated objects, 
so were called changing-look objects dGuainazzi et al.l [2002; 

lGuainazzill2002l: IMatt et al. 20031 iRisaliti et al.ll20ldlk 


Although it is well established that a number of Seyfert 2s 
are variable, it is unknown whether the same kind of variation 
is common for all the nuclei or, more important, what drives 
those variations. It is the purpose of this paper to systematically 
study the variability pattern at X-rays in Seyfert 2 nuclei. This is 
the third in a series of papers aimed at studying the X-ray vari¬ 


ability in different families of AGN. In lHernandez-Garcta et al.l 
(12013[ 120141) , this study was made for LINERs, while the study 
of Seyfert 1 and the comparison between different families of 
AGN will be presented in forthcoming papers. 

This paper is organized as follows. In Sec.[2]the sample and 
the data are presented, and data reduction is explained in Sect. 
[3] The methodology used for the analysis is described in Sect. 
|4] including individual and simultaneous spectral fittings, com¬ 
parisons using data with different instruments, long-term X-ray 
and UV variations, short-term X-ray variations, and Compton- 
thickness analysis. The results derived from this work are ex¬ 
plained in Sect.[5]and are discussed in Sect. [6] Finally, the main 
conclusions are summarized in Sect. [7] 


2. Sample and data 

We used the /[3th edition of the Veron-Cetty and Veron cata¬ 
logue dVeron-Cettv & Veronll2010l) . which contains quasars and 
active galactic nuclei. We selected galaxies located at redshift 
below 0.05 and classified as Seyfert 2 (S2) or objects with broad 
polarized Balmer lines detected (Slh). Indeed, Slh objects are 
those optically classified as Seyfert 2 that show broad lines in 
polarized light, which is the reason for their selection. This sub¬ 
sample includes 730 S2 and 27 Slh. 

We searched for all the publicly available data for sources 
with observations in more than one epoch with Chandra and/or 
XMM-Newton using the HEASARC0 browser up to May 2014. 

2 http://heasarc.gsfc.nasa.gov/ 
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This first selection includes 73 nuclei. To be able to properly 
fit and compare spectra at different epochs, we selected sources 
with a minimum of 400 number counts in the 0.5-10.0 keV en¬ 
ergy band, as required to use the ^-statistics. Thirty-four galax¬ 
ies and nine observations did not met this criterium and were 
excluded from the sample. Objects affected by a pileup fraction 
higher than 10% were also removed, which made us exclude 
three objects and 14 observations. 

For the remaining 36 nuclei we searched for their opti¬ 
cal classifications in the literature with the aim of including 
only pure Seyfert 2 objects in the sample. Nine galaxies were 
excluded following this condition: NGC4258, and NGC4374 
(SI.9 and L2 in iHo etalJ Il997b . 3 C 317.0 and 3C 353. 0 
(LINERs in NEE0), NG C7314 (SI.9 inlLiu & Bregmanll2005l) . 
M CG-03.34,064 (S1.8 inlAgueroetal.lfl994 . NGC5252 (SI.9 
in lOsterbrock & Martell Il993if . and NGC835 and NGC6251 
(LINERs in Gonzalez-Martm et alJl2009bh . NGC 4472 was also 
excluded because its classification is based on the upper limits 
of line intensity ratios (IHo et al.lll997l), and other classific ations 
have been found in the literature (e.g jBoisson et alj|2004l) . 

The final sample of Seyfert 2 galaxies contains 26 objects,/ 8 
classified as S2 and 8 classified as Slh in lVeron-Cettv & Veronl 
(|201 (it ). However, we revisited the literature to search for 
hidden broad-line-region (HBLR, an usual name for Slh) 
and non-hidden broad-line-region (NHBLR) objects (e.g., 
Traneta^, 1992; Tran 2995b iMoran et al] l2000; Lu msden et al] 


200 lb iGu & Huantd l2002h We found two additional HBLR 
(MARK 1210 and MARK 477) and five NHBLR (MARK 1066, 
NGC 3079, NGC 5194, NGC 5643, and NGC 7172) sources. We 
did not find information about the remaining 11 nuclei, so we 
assumed they are most probably not observed in polarized light. 

The final sample of Seyfert 2s in our work thus contains 26 
objects (including 10 HBLR and five NHBLR). The target galax¬ 
ies and their properties are presented in Table Q] Tables are in 
Appendix [A] and notes on the individual nuclei in Appendix iBl 
and images at different wavelenths in Appendix lC.il 


3. Data reduction 

3.1. Chandra data 

Chandra observations were obtained from the ACIS instrument 
dGarmire et al.1120031 ). Data reduction and analysis were carried 
out in a systematic, uniform way using CXC Chandra Interactive 
Analysis of Observations (CIACQ), version 4.3. Level 2 event 
data were extracted by using the task acis-process-events. 
Background flares were cleaned using the task lc_clean.si0, 
which calculates a mean rate from which it deduces a minimum 
and maximum valid count rate and creates a file with the periods 
that are considered by the algorithm to be good. 

Nuclear spectra were extracted from a circular region cen¬ 
tered on the positions given by NEE0. We chose circular radii, 
aiming to include all possible photons, while excluding other 
sources or background effects. The radii are in the range be¬ 
tween 2-5" (or 4-10 pixels, see Table lA.il . The background was 
extracted from circular regions in the same chip that are free of 
sources and close to the object. 

For the source and background spectral extractions, the 
pmextract task was used. The response matrix file (RMF) and 

3 http://ned.ipac.caltech.edu/ 

4 http://cxc.harvard.edU/ciao4.4/ 

5 http://cxc.harvard.edu/ciao/ahelp/lc_clean. html 

6 http://ned.ipac.caltech.edu/ 


ancillary reference file (ARF) were generated for each source 
region using the mkacisrmf and mkwarf tasks, respectively. 
Finally, the spectra were binned to have a minimum of 20 counts 
per spectral bin using the grppha task (included in ftools), to be 
able to use the^ 2 statistics. 

3.2. XMM-Newton data 

XMM-Newton observations were obtained with the EPIC pn 
camera (iStriider et alil200lh . The data were reduced in a system¬ 
atic, uniform way using the Science Analysis Software iSASQi, 
version 11.0.0. First, good-timing periods were selected using a 
method that maximizes the signal-to-noise ratio of the net source 
spectrum by applying a different constant count rate threshold 
on the single events, E > 10 keV field-of-view background light 
curve. We extracted the spectra of the nuclei from circles of 15- 
30" (or 300-600 px) radius centered on the positions given by 
NED, while the backgrounds were extracted from circular re¬ 
gions using an algorithm that automatically selects the best area 
- and closest to the source - that is free of sources. This selec¬ 
tion was manually checked to ensure the best selection for the 
backgrounds. 

The source and background regions were extracted with the 
evselect task. The response matrix files (RMF) and the ancillary 
response files (ARF) were generated using the rmfgen and ar- 
fgen tasks, respectively. To be able to use the x~ statistics, the 
spectra were binned to obtain at least 20 counts per spectral bin 
using the grppha task. 

3.3. Light curves 

Light curves in three energy bands (0.5-2.0 keV, 2.0-10.0 keV, 
and 0.5-10 keV) for the source and background regions as de¬ 
fined above were extracted using the dmextract task (for XMM- 
Newton) and evselect task (for Chandra) with a 1000 s bin. 
To be able to compare the variability amplitudes in different 
light curves of the same object, only those observations with a 
net exposure time longer than 30 ksec were taken into account. 
For longer observations, the light curves were divided into seg¬ 
ments of 40 ksec, so in some cases more than one segment of 
the same light curve can be extracted. Intervals with flare-like 
events and/or prominent decreasing/increasing trends were man¬ 
ually rejected from the source light curves. We notice that after 
excluding these events, the exposure time of the light curve could 
be shorter, thus we recall that only observations with a net ex¬ 
posure time longer than 30 ksec were used for the analysis. The 
light curves are shown in Appendix [D] We recall that these val¬ 
ues are used only for visual inspection of the data and notas es¬ 
timators of the variability (as in lHernandez-Garcfa et al.ll2014l) . 


4. Methodology 

The methodology is explained in lHernandez-Garcfa et alJ (2 013b 
and iHernandez-Garcfa et al.l (l2014i) . In contrast to the study of 
LINER nuclei, we added a new model (namely 2ME2PL), and a 
cold reflection component for the individual spectral fittings and 
an analysis of the Compton-thickness for the Seyfert galaxies. 
Additionally, we changed the way we estimate the nuclear con¬ 
tribution in XMM-Newton spectra to perform the simultaneous 
fit using different instruments (see Sect. 14. 21) . A comparison with 
a sample of LINERs will be performed in a forthcoming paper. 
For clarity, we recall the procedure below. 

7 http://xmm.esa.int/sas/ 
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4.1. Individual spectral analysis 

An individual spectral analysis allowed us to select the best- 
fit model for each data set. We added a new model with re¬ 
spect to previous works (2ME2PL), including an additional ther¬ 
mal component to the more complex model, ME2PL, to ex¬ 
plain the two ionized zones observed in some Sey fert galax¬ 
ies (e.g-. lNetzer & Turnerll 19971 iBianchi et al.ll2010f> . Then, we 
also added a_cold reflection component (PEXRAV in XSPEC, 
iMagdziarz & Zdziarskil 1199 51 to the best-fit model to check 
whether this component improves the fit. We used XSPEC0 ver¬ 
sion 12.7.0 to fit the data with six different models: 

• PL: A single power law representing the continuum of a non- 
stellar source. The empirical model is 

eNcME) . e N„c-m+z))[ NH ] . Nonne~ r [r, Norm]. 

• ME: The emission is dominated by hot diffuse gas, i.e., a 
thermal plasma. A MEKAL (in XSPEC) model is used to fit 
the spectrum. The model is 

e NGa,o-(E) . e N„o-m+z))[ NH ] . MEKAL[kT, Norm]. 

• 2PL: In this model the primary continuum is an absorbed 
power law representing the non stellar source, while the soft 
energies are due to a scattering component that is repre¬ 
sented by another power law. Mathematically the model is 
explained as 

e Nca,cT(E)^ e N H ME(\+z)){ NH ^ . Norm\e~ T [T, Norm]] + 

e N m o-(E(i+z)) [^ y h2 ] • Norm 2 e- T [T,Norm2\). 

• MEPL: The primary continuum is represented by an ab¬ 

sorbed power law, but at soft energies a thermal plasma dom¬ 
inates the spectrum. Empirically it can be described as 
e NoaME)^ e N m a(E(\ + z))^ NH ^ . MEKAL[kT, Norrm] + 

e N n20-(E(\+z))[iy H ^ • Norm 2 e~ T [T,Norm2]). 

• ME2PL: This is same model as MEPL, but an additional 
power law is required to explain the scattered component at 
soft energies, so mathematically it is 

e N G a,crtE)^ e N m <T(E(\ + z))[ Nm ] . Norm ie - r [T ,Normi] + 

MEKAL[kT] + e NmCr( - E< - l+z ^[NH 2 ] ■ Norm 2 e~ r [T, Normi]}. 

• 2ME2PL: The hard X-ray energies are represented by an 
absorbed power law, while the spectrum shows a complex 
structure at soft energies, where a composite of two thermal 
plasmas plus a power law are required. In Seyfert galaxies, 
at least two ionized phases (a warm and a hot) ar e required 
to properly fit their spectra dNetzer & Turner! 1 997l). which is 
confirmed by high reso lution data (e.g., IBianchi et al.ll201()t 
iMarinucci et al.l 1201 lh . Ideally, the spectral fit should be 
made by using photoionization models to fit high quality 
data (e.g., RGS) and then use the obtained spectral param¬ 
eters to fit lower quality data, as in IBianchi et al. ( 2010 ) or 
[Gonzalez-Martm et al.l il2010t) . We tried to use photoionized 
models using Cloudy to fit the soft emission. We found that, 
due to the low resolution of our data, these models fit the 
data similarly to MEKAL models. Therefore, for simplic¬ 
ity, in this work we represent the photoionized gas by two 
thermal plasmas plus Gaussian lines when required (see be¬ 
low). The power law at soft energies represents the scattering 
component. Although this is probably a simple model for fit¬ 
ting the complexity of the spectra, the data analyzed in this 
work do not have enough spectral resolution to properly fit 

8 http://heasarc.nasa.gov/xanadu/xspec/ 


the data with more realistic models, and therefore this model 
is enough for our purposes. It is represented as 


e 


\e 


,N Cal o-(E) p N m o-(E(\+z)) 


[W/|] 


Norm\e 1 [T, Norni\] 


e 


Nhio-W+z)) 


[Nhi] 


MEKAL[kT\] + MEKAL[kT 2 \ 

Norm 2 e^ T [Y, Normifj. 

(Best-fit model) + PEXRAV: From the six models de¬ 
scribed above, we selected the one that provided the best 
fit to the data and added a reflection component (we have 
chosen PEXRAV within XSPEC) to account for a plau¬ 
sible contribution of this component in highly obscured 
Seyfert 2s. The parameters of the MEKAL component(s) 
were frozen to the best-fit values. In this model the ab¬ 
sorbed power law at hard energies represents the transmit¬ 
ted component, while the PEXRAV is indicative of the re¬ 
flected fraction from the primary continuum alone, by set¬ 
ting the reflection scaling factor to 1. The spectral index 
was set to be that of the power law(s), the exponential 
cutoff was fixed to 200 keV, and the inclination angle to 
45°. These parameters are based on typical values obtained 
from X-ray analyses at harder energies (e.g., GuainazzieUiI 
2005t|_ Matt et al. 2004 lAkvlas & GeorgantopoulosH 200' 


CU 

i 


Noguchi et al.l 1200 9). The free parameters in this model 


are therefore Nhi , Nhi , T, Norm \, Norm 2 , and Norm pex . It is 
worth noting that we tried similar models to fit the data, such 
as exchanging the hard PL by PEXRAV or by an absorbed 
PEXRAV, and obtained very similar results, but the model 
explained above allowed the use of the F test to check for 
eventual improvements in the fits. 


In the equations above, cr(E) is the photo-electric cross-section, 
z is the redshift, and Nornij are the normalizations of the power 
law, the thermal component or the reflected component (i.e., 
Norm \, Norm 2 , and Norm pex ). For each model, the param¬ 
eters that vary are written in brackets. The Galactic absop- 
tion, Neal, is included in each model and fixed to the pre- 
dicted value (Col. 5 in T able [TJ u sing the tool n h within ftools 
(iDickev & Lockman|1990fclKalberla et al.ll2005l) . Even if not in¬ 
cluded in the mathematical form above, all the models include 
three narrow Gaussian lines to take the iron lines at 6.4 keV 
(FeKcr), 6.7 keV (FeXXV), and 6.95 keV (FeXXVI) into ac¬ 
count. In a few cases, additional Gaussian lines were required 
at soft energies from a visual inspection, including Ne X at 1.2 
keV, Mg XI at 1.36 keV, Si XIII at 1.85 keV, and S XIV at 2.4 
keV. 

The x 1 /d.o.f and F test were used to select the simplest 
model that represents the data best. 


4.2. Simultaneous spectral analysis 

Once the individual best-fit model is selected for each observa¬ 
tion, and if the models are different for the individual observa¬ 
tions, then the most complex model that fits each object was cho¬ 
sen. This model was used to simultaneously fit spectra obtained 
at different dates of the same nuclei. Initially, the values of the 
spectral parameters were set to those obtained for the spectmm 
with the largest number counts for each galaxy. To determine 
whether spectral variations are observed in the data, this simul¬ 
taneous fit was made in three steps: 

0. SMF0 (Simultaneous fit 0): The same model was used with 
all parameters linked to the same value to fit every spectra of 
the same object, i.e., the non-variable case. 

1. SMF1: Using SMF0 as the baseline for this step, we let the 
parameters Nh i, Nhi , T, Norm \, Norm 2 , Norm pex , kT\, and 
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kT 2 vary individually. The best fit was selected for the xl 
closest to unity that improved SMFO (using the F test). 

2. SMF2: Using SMF1 as the baseline for this step (when 
SMF1 did not fit the data well), we let two parameters vary, 
the one that varied in SMF1 along with any of the other pa¬ 
rameters of the fit. The;^ 2 and F test were again used to con¬ 
firm an improvement in the fit. 

When data from the same instrument were available at dif¬ 
ferent epochs, this method was applied separately for Chandra 
and/or XMM- Newton. However, in some cases only one obser¬ 
vation was available per instrument. Instead of directly compar¬ 
ing the spectra from different instruments, we tried to decontam¬ 
inate the extranuclear emission in XMM-Newton data, to make 
sure that the emission included in the larger aperture did not pro¬ 
duce the observed variability. This additional analysis was per¬ 
formed by extracting an annular region from Chandra data, fit¬ 
ting the models explained above to its spectrum, and selecting 
the one that best fits the annular region. This model was later 
incorporated into the XMM-Newton spectrum (with its parame¬ 
ters frozen), so the parameters of the nuclear emission can be 
estimated. We determined the contribution by the annular re¬ 
gion to the Chandra data from the number counts (i.e., model- 
independent) in the 0.5-10.0 keV energy band, and this percent¬ 
age was used to estimate the number counts in the nuclear region 
of XMM-Newton data. Following the same criteria as we used 
to select the data (see Sect. 0, data from different instruments 
were compared when the number counts in the nuclear XMM- 
Newton spectrum was more than 400 county. We note that this 
procedure differs from the one used in iHernandez-Garcfa et al.l 
(20131 120141) . When multiple observations of the same object 
and instrument were available, we compared the data with the 
closest dates (marked with c in Table IA. ft . 

4.3. Flux variability 

The luminosities in the soft and hard X-ray energy bands were 
computed using XSPEC for both the individual and the simul¬ 
taneous fits. For their calculation, we took the distances from 
NED, corresponding to the average redshift-independent dis¬ 
tance estimate for each object, when available, or to the redshift- 
estimated distance otherwise; distances are listed in Table Q] 
When data from the optical monitor (OM) onboard XMM- 
Newton were available, UV luminosities (simultaneously to X- 
ray data) were estimated in the available filters. We recall that 
UVW2 is centered at 1894A (1805-2454) A, UVM2 at 2205A 
(1970-2675) A, and UVW1 at 2675A (2410-3565) A. We used 
the OM observation FITS source lists (OBSML1 Q to obtain the 
photometry. When OM data were not available, we searched for 
UV information in the literature. We note that in this case, the 
X-ray and UV data might not be simultaneous (see Appendix 

BD- 

We assumed an object to be variable when the square root 
of the squared errors was at least three times smaller than the 
difference between the luminosities (see lHernandez-Garcfa et al.l 
12014 for details). 

4.4. Short-term variability 

Firstly, we assumed a constant count rate for segments of 30- 
40 ksec of the observation in each energy band and calculated 


yA/d.o.f as a proxy to the variations. We considered the source 
as a candidate for variability if the count rate differed from the 
average by more than 3cr (or 99.7% probability). 

Secondly, and to be able to compare the variability ampli¬ 
tude of the light curves between observations, we calculated the 
normalized excess variance, cr 2 xs , for each light curve se gmen t 


with 30-40 ksec following prescriptions i nlVaugha n et al. ( 2003 1 
(see also lGonzalez-Martm et al.ll201 lbtlHernandez-Garcla et al.l 
12014!) . We recall that <t 2 xs is related to the area below the power 
spectral density (PSD) shape. 

When cr 2 xs was negative or compatible with zero within 
the errors, we e stima ted the 90% upper limits using Table 1 in 
IVaughan et al.l d2003i). We assumed a PSD slope of -1, the up¬ 
per limit from 1 Vaughan et akl (120031) . and we added the value of 
1.282err(cr 2 xs ) to the limit to account for Poisson noise. For a 
number of segments, N, obtained from an individual light curve, 
an upper limit for the normalized excess variance was calculated. 
When N segments were obtained for the same light curve and at 
least one was consistent with being variable, we calculated the 
normalized weighted mean and its error as the weighted vari¬ 
ance. 

We considered short-term variations for <x 2 xs detections 
above 3<x of the confidence level. 


4.5. Compton thickness 

Highly obscured AGN are observed through the dusty torus, in 
some cases with column densities higher than 1.5 x 10 24 cnr 1 
(the so-called Compton-thick). In these cases the primary emis¬ 
sion can be reflected at energies ~ 10 keV. Since the primary 
continuum cannot be directly observed, some indicators using 
X-rays and TO IH1 data have been used t o select candidates 


(Ghisellini et al 


|1994] : iBassani et al.l fl999: Pan essa & Bassanil 
120021 ICanni et al.ll2006l) 

To properly account for the slope of the power law, I , and 
the equivalent width of the iron line, EW(FeKo'), an additional 
analysis was performed. We fit the 3-10 keV energy band of each 
spectrum individually with a PL model (see Sect. ED to obtain 
the values of F and EW(FeKa). Compton-thick candidates can 
be selected by using three different criteria: 

• r < 1 : since the transmitted component is suppressed below 
10 keV, a flattening of the observed spectrum is expected 
(ICappi et al]l2006tlGonzalez Martin et al.ll2009al) . 

• EW(FeKa') > 500 eV : if the nuclear emission is obscured by 
a Compton-thick column density, the primary continuum un¬ 
derneath the FeKcr line is strongly suppressed, and the equiv- 
alent width of the line enhanced to ~keV dKrolik et al.lll994t 
iGhisellini et akll 19941) . 

• F(2 - 10 keV)/F[oni] < 1 : since the primary continuum is 
suppressed, the X-ray luminosity is underestimated, so when 
comparing with an isotropic indicator of the AGN power (as 
is the case for the [OIII 1 emission line), the r atio between the 
two va l ues decrease s ( BassanTetalj^ 7999^ GuainazzijHal.1 
2005$ ICappi et akl l2006t Gonzalez-Martm et al.l l2009a). 
Thus, we have used this ratio to select Compton-thick can¬ 
didates, where the extinction-corrected [O III] fluxes were 
obtained from the literature (and corrected when needed fol- 
lowing fBassani et akll 1999 ), and the hard X-ray luminosities, 
L( 2 - 10 keV), from the individual fits were used (see Table 
IA.3b for the calculation. 


9 ftp://xmm2.esac.esa.int/pub/odf/data/docs/XMM-SOC-GEN-ICD- We considered that a source is a Compton-thick candi- 

0024.pdf date w hen at least two of the three criteria above were met. 
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Otherwise, the source is considered to be a Compton-thin can¬ 
didate. When different observations of the same source result 
in different classifications, the object was considered to be a 
changing-look candidate. 

The spectral fits reported in Sects. l4~Tl and l4.2l are performed 
with the spectral indices of the soft, T so f t , and the hard, I 'hard, 
power laws tied to the same value. When a source is Compton- 
thick, its spectrum is characterized by a flat power law at hard 
energies (see above), whereas the slope of the power law is dom¬ 
inated by the scattered component if we tied F so ft = Vhard, giv¬ 
ing an unrealistic steep power-law index. Thus, the simultaneous 
analysis was repeated by leaving T so f, and r hard free for the ob¬ 
jects classified as Compton-thick candidates. We first made the 
SMF1 with Fhard vary and found that this component does not 
vary in any case. The values of T hard obtained for the Compton- 
thick candidates following this procedure are reported in Table 
IA.7l (Col. 9). We checked that the rest of the parameters in the 
model are consistent with those reported in Table lA.2l within the 
uncertainties. The same procedure was applied to Compton-thin 
candidates, and compatible values of T JO / f and T hard were found. 
It is worth pointing out that it is not within the scope of this work 
to obtain the best spectral parameters for each source, but to ob¬ 
tain their variability patterns. Thus, we have kept the same gen¬ 
eral analysis for all the objects (i.e., with F S oft = r hard, although 
we notice that this is not the case for Compton-thick candidates), 
but this procedure does not affect the main results presented in 
this paper. 

5. Results 

In this section we present the results for the variability analysis 
of the Seyfert 2 galaxies individually (see Sect. l5Tl >. as well as 
the general results, including the characterization of the spectra 
of Seyfert 2s (Sect. 15.2b . the long-term variability (Sect. 15.3b . 
first for the whole sample in general and later divided into sub¬ 
samples, X-ray short-term variations (Sect. El, and flux varia¬ 
tions at UV frequencies (Sect. 1531) . The main results of the anal¬ 
ysis are summarized in Table [2] Individual notes on each galaxy 
and comparisons with previous works can be found in Appendix 

m 

5.1. Individual objects 

For details on the data and results, we refer the reader to the 
following tables and figures: the observations used in the anal¬ 
ysis (Table lA.lb : UV luminosities with simultaneous OM data 
(Col. 9 of Table lATl and Fig. |T]); individual and simultaneous 
best fit, and the parameters varying in the model (Table IA31 and 
Fig. |3; X-ray flux variations (Table lA3l and Fig. [3]); compari¬ 
son of Chandra and XMM-Newton data using the annular re¬ 
gion (Table 17V4l) : the simultaneous fit between these observa¬ 
tions (Table Ia 31 and Figs. IA. 1 1 and I A. 21 ): short-term variability 
from the analysis of the light curves (Table IA.6I and Appendix 
0; and the Compton -thickness analysis, where an object was 
classified on the basis that at least two of the three criteria pre¬ 
sented in Sect l4.5l were met (Table [7v71 ). We notice that the ad¬ 
dition of a cold reflection component is not statistically required 
by the data, so we do not mention the analysis except in one case 
(3C98.0) where the simultaneous fit was performed. 

- MARK 348 : SMF1 with variations in Norm 2 (69%) repre¬ 
sents the data best. These variations were found within a 
nine-year period, which implies intrinsic flux variations of 


69% (68%) in the soft (hard) energy band. We classify it as 
a Compton-thin candidate. 

- NGC 424 : Two XMM-Newton data sets are available. SMFO 
results in^=2.20, and SMF1 does not improve the fit; this is 
most probably because the spectra from 2008 shows a more 
complex structure compared to 2000, preventing a proper si¬ 
multaneous spectral fitting. Thus, we do not perform the si¬ 
multaneous spectral fit between the two XMM-Newton data 
sets. The contribution from the annular region is negligi¬ 
ble, thus the spectral analysis can be jointly performed us¬ 
ing XMM-Newton and Chandra data together. SMFO is the 
best representation of the data. Short-term variations from 
the XMM-Newton light curve are not found. We classify it 
as a Compton-thick candidate. 

- MARK573 : The Chandra data do not show variations 
(SMFO was used) within a four-year period. When compared 
with XMM-Newton data, the annular region contributes with 
24% to the Chandra data. Again, SMFO results in the best 
representation of the data. Three additional Gaussian lines 
are needed to fit the data at 1.20 keV (Ne X), 1.36 keV (Mg 
XI), and 2.4 keV (S XIV). Two Chandra light curves are an¬ 
alyzed, and variations are not detected. We classify it as a 
Compton-thick candidate. 

- NGC 788 : One observation per instrument is available. The 
emission from the annular region is negligible so we jointly 
fit Chandra and XMM-Newton data. SMFO was used, thus 
no variations are found in a two years period. We classify it 
as a Compton-thin candidate. 

- ESQ417-G06 : SMF1 with Nhi (21%) because the param¬ 
eter varying represents the data best. These variations were 
obtained within about a one-month period, corresponding to 
no flux intrinsic variations. We classify it as a Compton-thin 
candidate. 

- MARK 1066 : Only one observation per instrument is avail¬ 
able. The annular region contributes with 8% to Chandra 
data. The simultaneous fit without allowing any parameter 
to vary (i.e., SMFO) results in a good fit of the data. We clas¬ 
sify it as a Compton-thick candidate. 

- 3C98.0 : This is the only object where the unab¬ 

sorbed PEXRAV component improves the fit. The 
values of the spectral parameters in this fit are 
Norm\ = 70.22^g g 2 x 10 ~ 4 Photons keV~ l cm~ 2 s~ l , 

Nhi = 9.68g2Q 1 x 10 22 cm- 2 , T = 1.30]$, 

Norm pex = O.lOy, 1 ^ x 10 ~ 4 Photons keV~ l cm' 2 s _1 , Norm 2 = 
5.51jjj x Photons keV~ l cm~ 2 s~ x (XMM- Newton 

obsID. 0064600101), 3.03^|f x 10~ 4 Photons keV^cm^s 
(XMM-Newton obsID. 0064600301), and xl^-o.f = 
109.30/126. Thus, the best representation of the data 
requires Norm 2 to vary between the two XMM-Newton 
data sets, while the reflection component remains constant. 
This spectral fit with Norni 2 varying agrees with the one 
using the MEPL model (Table IA.2I) . The percentages of 
the variations are compatible between the two SMF1 and 
also the luminosities. For simplicity, we report the results 
of the MEPL model in the following. The simultaneous fit 
of the XMM-Newton data needs SMF1 with Norni 2 (43%) 
varing over a period of about half a year. This implies an 
intrinsic flux variation of 5% (42%) at soft (hard) energies. 
The annular region contributes with 8% to the Chandra 
data, and SMFO was used when comparing Chandra and 
XMM- Newton data, i.e., variations were not found within 
a five-year period. Short-term variations are not detected 
from the Chandra data. UV data from the UVW1 filter did 
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Fig. 1: UV luminosities obtained from the data with the OM camera onboard XMM-Newton, when available. Different filters have 
been used; UVW1 (red triangles), UVW2 (green circles), and UVM2 (blue squares). 


not show any variability. We classify it as a Compton-thin 
candidate. 

- MARK 3 : The XMM-Newton data need SMF1 with Nor m 2 
(37%) as the parameter responsible for the variations. This 
corresponds to flux variations of 29% (32%) in the soft 
(hard) energy band in a one-year period. We classify it as 
a Compton-thick candidate. 

- MARK 1210 : X-rays observations with Chandra covering a 
period of about four years are simultaneously fitted, resulting 
in SMF2 with Nhi (20%) and Norm^ (43%) as the parame¬ 
ters varying in this model. This corresponds to intrinsic flux 
variations of 40% (41%) at soft (hard) energies. We classify 
the object as a Compton-thin candidate. 

- NGC 3079 : One observation per instrument is available. The 
annular region contributes with 79% to Chandra data. The 
estimated number counts in the nuclear component of the 
XMM- Newton spectrum is 235 counts, so we do not perform 
a simultaneous fitting. This object will not be used to discuss 
long-term variations. We classify it as a Compton-thin can¬ 
didate. We refer the reader to Appendix iBlfor the discussion 
of this source. 

- IC 2560 : Only one observation per instrument is available. 
When comparing the data, the annular region contributes 
with 11% to the Chandra data. No variations were observed 
within two months, i.e., SMF0 was used for the simultane¬ 
ous fit. An additional Gaussian line was needed in the fit at 
1.85 keV (Si XIII). A XMM-Newton and a Chandra light 
curve were analyzed. We notice that the XMM-Newton light 
curve showed a positive value of <r 2 NYS a t 2.5cr of confidence 
level, close to our limit (see Sect. 14.41) . We classify it as a 
Compton-thick candidate. 

- NGC 3393 : Chandra data are fitted with SMF0, resulting 
in no variations in a seven years period. When compar¬ 
ing with XMM-Newton data, the annular region contributes 
with 17%, and SMF0 is needed to fit the data within a one- 
year period. Short-term variations are not found from one 


Chandra light curve. We classify it as a Compton-thick can¬ 
didate. 

- NGC 4507 : SMF2 was used to fit the XMM-Newton data, 
with Norm 2 (36%) and Nhi (21%) varying in a nine-year 
period. This corresponds to a flux variation of 96% (81%) 
in the soft (hard) energy band. Two additional Gaussian 
lines at 1.36 (Mg XI) and 1.85 (Si XIII) keV are needed 
to fit the data. The annular region contributes with 13% to 
the Chandra data. When comparing Chandra and XMM- 
Newton data, the best fit resulted in SMF1 with Norm 2 
(53%) varying over nine years. Short-term variations are 
found from neither Chandra nor XMM-Newton light curves. 
We classify it as a Compton-thin candidate. 

- NGC 4698 : SMF0 was used in the simultaneous fit, resulting 
in no variations in a nine-year period. UV data in the UVM2 
filter is available, where the object does not show changes. 
We classify it as a Compton-thin candidate. 

- NGC 5194 : The simultaneous fit results in no variations (i.e., 
SMF0 was used) within an 11-year period. The annular re¬ 
gion contributes with 91% to the Chandra data. When com¬ 
paring data from XMM-Newton and Chandra, SMF0 re¬ 
sults in the best representation of the data. Six Chandra 
light curves were analyzed in three energy bands, but vari¬ 
ations are not reported. UV data are available in three filters, 
one showing variations (UVW1) and the remaining two not 
(UVW2, UVM2). We classify it as a Compton-thick candi¬ 
date. 

- MARK 268 : The XMM-Newton observations are separated 
by two days. SMF0 was used to fit the data. UV data are 
available in two filters (UVW1 and UVM2); none of them 
show variability. We classify it as a Compton-thin candidate. 

- MARK273 : Only one observation per instrument can be 
used for the variability analysis. The annular region con¬ 
tributes with 31% to the Chandra data. Variations in Nhi 
(51%) were needed in the SMF1. This corresponds to a lumi¬ 
nosity variation of 24% (32%) in the soft (hard) energy band 
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Fig. 2: For each object, (top): simultaneous fit of X-ray spectra; (from second row on): residuals in units of cr. The legends contain 
the date (in the format yyyymmdd) and the obsID. Details are given in TableQ] 
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Fig. 2: Cont. 


over a two-year period. UV data are available in two epochs, 
with no variations observed. The analysis of the Chandra 
light curve results in no short-term variations. Compton- 
thick and Compton-thin classifications were obtained for dif¬ 
ferent observations, so we classify it as a changing-look can¬ 
didate (see Table lA.7l . 

- Circinus : Chandra and XMM-Newton data are available at 
different epochs. The Chandra data analysis results in SMFO 
(i.e., no variations) in a nine-year period, while the XMM- 
Newton data set needs SMF2 with Norm\ (34%) and Norm 2 
(31%) varying within a 13-year period. However, theXMM- 
Newton data did not show any flux variations. The spectra 
are quite complex, so two (at 1.85 (Si XIII) and 2.4 (S XIV) 
keV) and four (at 1.2 (Ne X), 1.36 (Mg XI), 1.85 (Si XIII), 


and 2.4 (S XIV) keV) additional Gaussian lines are required 
for the XMM- Newton and Chandra fits, respectively. The 
annular region contributes with 28% to the Chandra data. 
However, the comparison between the data sets was not car¬ 
ried out owing to the complexity of the spectra. Short-term 
variations are not found from a Chandra light curve. We clas¬ 
sify it as a Compton- thick candidate. We notice that the vari¬ 
ations obtained from XMM-Newton data will not be used 
for further discussion, because this variability seems to be 
caused by extranuclear sources (see IB.181 for details), and 
therefore this nucleus is considered as non-variable. 

- NGC5643 : The .XMM-Newton data were fitted with the 
SMFO; i.e., variations were not observed within a six-year 
period. We classify it as a Compton-thick candidate. 


9 


































































































































































































































Hernandez-Garcla et al.: X-ray variability of Seyfert 2s 
Table 2: Results of the variability analysis. 


Name 

(1) 

Type 

(2) 

log ( L sof ,) 
(0.5-2 keV) 
(3) 

log (L harl l) 
(2-10 keV) 
(4) 

log ( M bh ) 

(5) 

log ( R E dd ) 

(6) 

SMFO 

(7) 

Variability 

SMF1 

(8) 

SMF2 

(9) 

AT 

LX 1 max 

(Years) 

(10) 

MARK 348 (X) 

HBLR 

42.76 

43.15 

7.58 

-1.02 

ME2PL 

Norm.2 

- 

10 



6935% 

6833% 




693JI% 



NGC424 (C,X)* 

HBLR 

41.74 

41.85 

7.78 

-2.53 

2ME2PL 

- 

- 

0.16 



0% 

0% 







MARK 573 (C)* 

HBLR 

41.65 

41.54 

7.37 

-2.42 

2ME2PL 

- 

- 

4 



0% 

0% 



(+3gauss) 




(X.C) 


41.73 

41.41 



2ME2PL 

- 

- 

2 



0% 

0% 







NGC788 (X.C) 

HBLR 

42.11 

42.60 

7.43 

-1.43 

2ME2PL 

- 

- 

0.33 



0% 

0% 







ESO417-G06 (X) 

- 

42.46 

42.50 

7.44 

-1.53 

MEPL 

Nh2 

- 

0.08 



0% 

0% 




21 + j% 



MARK 1066 (X,C)* 

NHBLR 

41.40 

41.43 

7.23 

-2.38 

ME2PL 

- 

- 

2 



0% 

0% 







3C98.0 (X) 

- 

43.13 

42.80 

7.75 

-1.73 

MEPL 

Nontu 

- 

0.41 



534% 

4237% 




43 + 3‘% 



(X.C) 


42.40 

42.60 



MEPL 

- 

- 

5 



0% 

0% 







MARK 3 (X)* 

HBLR 

42.24 

42.74 

8.74 

-2.58 

2ME2PL 

Norm 2 

- 

1 



2937% 

3234% 




37 + !®% 



MARK 1210(C) 

HBLR 

42.31 

42.79 

7.70 

-1.50 

2ME2PL 

Norm 2 

Nh 2 

4 



735% 

731% 




ll + ‘°% 

20 *\% 


IC 2560 (X.C)* 

- 

40.57 

41.03 

6.46 

-2.02 

2ME2PL 

- 

- 

0.16 



0% 

0% 



(+lgauss) 




NGC 3393 (C)* 

- 

41.64 

41.29 

8.10 

-3.41 

2ME2PL 

- 

- 

7 



0% 

0% 







(X.C) 


41.44 

41.26 



2ME2PL 

- 

- 

0.66 



0% 

0% 







NGC 4507 (X) 

HBLR 

42.04 

42.67 

8.26 

-2.28 

2ME2PL 

Norm 2 

N H 2 

9 



9634% 

81310% 



(+2gauss) 

5i3|j% 

43‘ 2 % 


(X.C) 


41.96 

42.85 




Norm 2 

- 

0.41 



4533% 

3833% 




53 + ^% 



NGC 4698 (X) 

- 

40.14 

40.08 

7.53 

-4.04 

2PL 

- 

- 

9 



0% 

0% 







NGC 5194 (C)* 

NHBLR 

39.53 

39.51 

6.73 

-3.82 

ME2PL 

- 

- 

11 



0% 

0% 







(X,C) 


39.94 

39.39 



2ME2PL 

- 

- 

0.6 



0% 

0% 







MARK 268 (X) 

- 

41.34 

42.92 

7.95 

-1.62 

ME2PL 

- 

- 

0.01 



0% 

0% 







MARK 273 (X,C) ci? 

- 

41.34 

42.29 

7.74 

-2.05 

2ME2PL 

Nh 2 

- 

2 



2432% 

3236% 




513! 1% 



Circinus (C)* 

HBLR 

39.80 

40.60 

7.71 

-3.71 

2ME2PL 

- 

- 

9 



0% 

0% 



(+4gauss) 




NGC 5643 (X)* 

NHBLR 

40.44 

40.87 

6.30 

-2.02 

2ME2PL 

- 

- 

6 



0% 

0% 







MARK 477 (X)* 

HBLR 

42.60 

43.11 

7.20 

-0.68 

2ME2PL 

- 

- 

0.01 



0% 

0% 







IC4518A (X) 

- 

42.06 

42.45 

7.48 

-1.63 

2ME2PL 

Norm 2 

- 

0.02 



4032% 

4136% 




A2 + f a % 



ESO 138-G01 (X)* 

- 

42.23 

42.11 

5.50 

0.01 

ME2PL 

- 

- 

6 



0% 

0% 







NGC 6300(C) 

- 

41.32 

41.95 

7.18 

-2.68 

2PL 

- 

- 

0.01 



0% 

0% 







(X,C) 


41.06 

41.68 



2PL 

Norm 2 

Norm 1 

8 



98350% 

98316% 




983 %% 

933“% 



- MARK 477 : The two observations are separated by two 
days. SMFO was used, so no variations are reported. At UV 
frequencies variations are not found. We classify the source 
as a Compton-thick candidate. 


- IC 4518 A : The XMM-Newton data need SMF1 with Norm 2 
(42%) varying. The variations are found in an eight-day pe¬ 
riod, and correspond to a flux variation of 40% (41%) in the 
soft (hard) energy band. We classify it as a Compton-thin 
candidate. 
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Table 2: Cont. 


Name 

Type 

log (L saft ) 

( J-'hard ) 

log (M B h) 

log (R E dd) 


Variability 


AT 

4-* ± max 



(0.5-2 keV) 

(2-10 keV) 



SMF0 

SMF1 

SMF2 

(Years) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

NGC 7172 (X) 

NHBLR 

42.50 

42.82 

8.20 

-1.98 

ME2PL 

Normn 

- 

5 



51/2% 

51/1% 




51 + j% 



NGC 7212 (X,C)* 

HBLR 

41.81 

42.60 

7.54 

-1.55 

2ME2PL 

- 

- 

1 



0% 

0% 







NGC 7319 (C) ci? 

- 

42.99 

42.98 

7.43 

-1.26 

ME2PL 

Norm-> 

Nm 

7 

(X,C) 


38/8% 

42.58 

38/5% 

42.84 



ME2PL 

39/j2% 

Normi 

100/g% 

6 



71/8% 

69/7% 




72 +64 % 

_-46 /0 _ 




Notes. (Col. 1) Name (the asterisks represent Compton-thick or changing look candidates), and the instrument (C: Chandra and/or 
X: XMM-Newton) in parenthesis; (Col. 2) (non) hidden broad line region objects only in the cases where there are available 
observations; (Cols. 3 and 4) logarithm of the soft (0.5-2 keV) and hard (2-10 keV) X-ray luminosities, where the mean was cal¬ 
culated for variable objects, and percentages in flux variations; (Col. 5) black-hole mass on logarithmical scale, determined using 
the correlation between stellar velocity dispersion (from Hyp erLeda) and bl a ck-ho le mass dTremain e et al.ll2 0Q2l). or obtained from 
the literature otherwise (MARK 1210 and NGC4507 from iNic astro et ak (120031); IC4518A from Alonso-H errero et~akl (1201 3h: 
NGC 6 300 and NGC5643 fr om iDavis et al] (12014)) : IC 2560 from iBalokovic etakl (<2014 ); MARK 268 from iKhornnzhey et al .1 
(l2012h : and MARK477 from ISingh et al. ( 201 ih ): (Col. 6) Eddington ratio, Lb 0 i/\LEdd, calculated from lEracleous et alJ ( 2010h 


using Lboi = 33L 2 _i 0 fev; (Col. 7) best fit for SMF0; (Col. 8) parameter varying in SMF1, with the percentage of variation; (Col. 9) 
parameter varying in SMF2, with the percentage of variation; (Col. 10) and the sampling timescale, corresponding to the difference 
between the first and the last observation. The percentages correspond to this AT max . 


- ESQ 138-G01 : No variations are found (i.e., SMF0 was 
used) within a five-year period. We classify it as a Compton- 
thick candidate. 

- NGC 6300 : The Chandra observations are separated by 
four days. SMF0 results in the best fit; i.e., variations 
are not found. The annular region contributes with 5% to 
the Chandra data. When comparing Chandra and XMM- 
Newton data, SMF2 was used, with Nomi\ (98%) and 
Normi (98%) varying over an eight-year period. We classify 
it as a Compton-thin candidate. 

- NGC 7172 : SMF1 is the best representation of the XMM- 
Newton data, with Normi (54%) varying over a three-year 
period. This implies an intrinsic flux variation of 54% (53%) 
at soft (hard) energies. We classify it as a Compton-thin can¬ 
didate. 

- NGC 7212 : One observation per instrument is available. The 
annular region contributes with 16% to the Chandra data. 
When comparing both data sets, SMF0 is needed; i.e., vari¬ 
ations are not found. We classify this source as a Compton- 
thick candidate. 

- NGC 7319 : The best representation of the data used SMF2 
with Nh\ (passed from Nm = 6.5x10 2l cm~ 2 to Nm = Nc a i ) 
and Norm 2 (39%) varying in a seven-year period. Intrinsic 
flux variations of 38% in both the soft and hard energy 
bands are obtained. The annular region contributes with 17% 
to the Chandra data. When comparing XMM-Newton and 
Chandra data, SMF1 with Norni 2 (54%) varying is required, 
implying flux variations of 71% (69%) at soft (hard) energies 
over six years. Short-term variations were not detected. We 
classify it as a changing-look candidate because Compton- 
thick and Compton-thin classifications were obtained for dif¬ 
ferent observations (see Table IA. 7t . 

5.2. Spectral characteristics 

The sample of 26 optically classified Seyfert 2 galaxies pre¬ 
sented in this work show a variety of spectral shapes. None 


of them are well-fitted with the ME or the PL models alone. 
Composite models are required in all cases. 

The models we used in previous^ works (to re present 
the spectra of LINERs, iGon zalez-Martln et alJ l2QQ9hl 
iHernandez-Garcla et al.l 12013L 120141) describe the spectra 
of 12 galaxies well (MARK348, ESO417-G06, MARK 1066, 
3C98.0, NGC 3079, NGC 4698, NGC 5194, MARK 268, 
ESO 138-G01, NGC6300, NGC7172, and NGC7319). Three 
models are required (2PL, MEPL, and ME2PL) for the spectral 
fits. Among the 15 objects in our sample observed in polarized 
light (see Table Q}, one galaxy in this group has a HBLR and 
four a NHBLR. 

On the other hand, 14 objects (NGC 424, MARK 573, 
NGC 788, MARK 3, MARK 1210, IC2560, NGC 3393, 
NGC 4507, MARK 273, Circinus, NGC 5643, MARK477, 
IC4518A, and NGC 7212) show a more complex structure at 
energies below and around 2 keV, which cannot be fitted with 
a single thermal component. These nuclei need the 2ME2PL 
model to fit the data. Besides, four of the objects need additional 
Gaussian lines to properly fit the data. Nine galaxies in this 
group have a HBLR and one a NHBLR. 

The addition of a cold reflection component to the best-fit 
model is not statistically required by the data, except in obsID 
0064600101 (XMM-Newton) of 3C98.0. It is worth noting that 
even if a model including this component is physically more 
meaningful, the lack of data at harder energies prevents us from 
setting the best values required by the model, and therefore a sin¬ 
gle power law is enough for studying nuclear variations. On the 
other hand, we find that the cold reflection component remains 
constant for 3C 98.0 in SMF1. If this is the general scenario (see 
Sect. 16. 2L the lack of this component in the models will not in¬ 
troduce biases into the variability analysis. 

A thermal component at soft energies is needed to fit the 
data in 24 out of the 26 sources; in 14 cases, two MEKAL 
are needed. It is worth recalling that even if a MEKAL model 
fits the data well, because of its spectral resolution, photoion- 
ized models would be required to properly describe the data (see 
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Fig. 3: X-ray intrinsic luminosities calculated for the soft (0.5-2.0 keV, green triangles) and hard (2.0-10.0 keV, red circles) energies 
in the simultaneous fits, only for the variable objects. 


Sect. 14. Ik The values of the temperatures are in the range kT\ — 
[0.04-0.26] keV (only when the 2ME2PL model is fitted) with 
a mean value of 0.12^0.03 keV, and kTi = [0.13-1.00] keV with 
a mean value of 0.60)0.14 keV. The values of the spectral in¬ 
dex (which is the same at soft and hard energies, when two are 
required) is in the range F = [0.61-3.23], with a mean value 
of 1.5670.40, and the absorbing column densities at hard en¬ 
ergies Nhi = [5.15-152.21] Xl0 22 c»r 2 , with a mean value of 
34.69T15.30 xl0 22 cm -2 . 


5.3. Long-term X-ray spectral variability 

/ From the 26 galaxies in our sample, we compared data at differ¬ 
ent epochs from the same instrument in 19 cases. Among these, 
seven objects were observed with Chandra, 13 with XMM- 
Newton, and in one case (namely Circinus) observations at dif¬ 
ferent epochs with both instruments were available. 

Chandra and XMM-Newton data are available for the same 
object in 15 cases (see Table IA.Ik We did not compare these 
data sets for NGC 3079 because the number counts of the nuclear 
contribution of XMM -Newton spectrum (after decontaminating 
from the annular region) is not enough for a reliable spectral fit. 
Given that NGC 3079 has one observation per instrument that 
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Fig. 4: Histograms of: (Left): the luminosities for the variable (dark blue) and non-variable (light blue) galaxies in the sample; and 
(Right): the luminosities for the galaxies in the sample divided into Compton-thick (purple), Compton-thin (red), and changing-look 
(orange) candidates. The dashed line represents the value for the selection of faint (below) and bright (above) Seyfert 2s. 


cannot be compared, this object will not be used to discuss long¬ 
term variations. Additionally, the Chandra and XMM-Newton 
spectra of Circinus are very different, most probably because ex- 
tranuclear sources are included in the XMM-Newton aperture 
radius, thus preventing us from properly comparing both. For 
the remaining 13 objects, the simultaneous analysis was carried 
out (Table Ia 31) . where the extranuclear emission were negligi¬ 
ble in two cases (NGC424 and NGC788). Four of these sources 
showed spectral variations. 

In total, 25 (out of 26) nuclei have been analyzed to study 
long-term X-ray spectral variations, with 11 of them (exclud¬ 
ing CircinuJ^I) showing variability. In Fig. [4] (left) we present a 
histogram of the luminosities of the variable and non-variable 
sources. A K-S test results in p=0.006, so we can reject the 
hypothesis that the sample came from the same normal distri¬ 
bution. The spectral changes are mainly due to variations in 
the nuclear power (i.e., Normi), which is observed in nine nu¬ 
clei (MARK348, 3C98.0, MARK3, MARK 1210, NGC4507, 
IC4518A, NGC6300, NGC7172, and NGC7319). Changes in 
the column density (i.e., Nhi) are also present in four cases 
(ESO417-G06, MARK 273, MARK 1210, and NGC4507 - in 
the last two accompained by changes in Normi). Changes at 
soft energies are found in two objects: NGC 7319 (Nh i together 
with Normi) and NGC 6300 {Norm \ together with Norm 2 ). This 
means that from the 11 sources showing variations, most of 
them (nine out of 11) show variations in the nuclear continuum 
(i.e., Nomi 2 ), while variations due to absorptions are less com¬ 
mon (four in total, in two objects accompained by variations in 
Norni2). 

5.3.1. HBLR vs. NHBLR 

(.From the 15 objects in the sample with available observations 
in polarized light (see Table |T}. ten are HBLR objects and five 
NHBLR. Nine out of the ten HBLR objects need the 2ME2PL 
model for the spectral fits (except MARK 348). The mean values 
of the parameters in the simultaneous fits are reported in Tabled 
From the ten HBLR, four (MARK 348, MARK 3, MARK 1210, 

10 We exclude the variations found with XMM -Newton data because 
they are most probably due to extranuclear sources, while variations 
with Chandra data are not reported. 


and NGC 4507) show variations in Norm 2 , in two sources ac¬ 
compained by variations in Nhi ■ One (NGC 7172) out of the four 
NHBLR sources shows variations in Norm 2 - 

Therefore, although the number of objects in this subsample 
is not enough to be conclusive, it seems that there is no difference 
in either the proportion of variable objects or in the pattern of the 
variations. 

5.3.2. Compton-thick vs. Compton-thin 

We select Compton-thick candidates when at least two out 
of the three indicators were met (see Sect. 14.5k These in¬ 
dicators are obtained from X-ray (EW(FeKo) and T) and 
the [O III] line ( F x /F[oiii j) data. In Fig. 0 we repre¬ 
sent the histogram of these values for the whole sample, 
where the mean was calculated when multiple observations 
were available (from Table Ia! 71 ). One Compton-thin candidate 
has T < 1 (NGC 4698), one Compton-thick candidate has 
EW(FeKo')<0.5 keV (MARK477), one Compton-thin candi¬ 
date has log (F x /F[oni])< 0 (NGC 3079), and four Compton- 
thick candidates have log (F x /F[oni])> 0 (NGC424, IC2560, 
ESO 138-G01, and NGC7212; see discussion in Sect. 16.21) . 

(■.From the 26 nuclei, 12 are classified as Compton-thick can¬ 
didates (NGC 424, MARK 573, MARK 3, MARK 1066, 
IC 2560, NGC 3393, NGC 5194, Circinus, NGC 5643, 
MARK477, ESO138-G01, and NGC 7212), 12 as Compton- 
thin candidates (MARK 348, NGC 788, ESO417-G06, 3C98.0, 
MARK 1210, NGC 3079, NGC 4507, NGC 4698, MARK 268, 
IC 4518A, NGC 6300, and NGC 7172), and two as changing- 
look candidates (MARK 273, and NGC 7319). The mean values 
of the spectral parameters in these subgroups are reported in 
Table [3j where Compton-thin candidates are more luminous 
and less obscured and have steeper spectral indices than 
Compton-thick candidates. The spectral index of Compton- 
thick candidates was estimated using r jo y, ^ T hard (see details 
in Sect. 14.51) and the values are reported in Table I A. 7l 

Only one (out of the 12) Compton-thick candidates shows 
variations (MARK 3), in Norni 2 . Eight (out of 11) Compton-thin 
candidates show changes, with these variations related mainly 
to Norni 2 (seven cases, in three sources accompained by varia¬ 
tions in Nhi or Norm{) and only in one case to Nhi alone. The 
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Fig. 5: Histograms of (Left): the slope of the power law, I from Table I A. 7l (Middle): equivalent width of the iron line, EW(FeKo'); 
and (Right): the X-ray to [O III] flux ratios. In all cases the sample is divided into Compton-thick (purple), Compton-thin (red), 
and changing-look (orange) candidates. The dashed lines represents the values for the selection of Compton-thick (below) and 
Compton-thin (above) candidates. 


two changing-look candidates show X-ray long-term variations, 
MARK 273 varies Nhi, and NGC7319 needs variations in Nm 
plus Norni 2 . 

Therefore, the number of variable Compton-thin and chang¬ 
ing look candidates is notably higher than that of Compton-thick 
candidates. 

5.3.3. Bright vs. faint nuclei 

In Fig. [4] (right), we present the histogram of the luminosi- 
tites of the AGN in the sample as reported in Table [2j for 
Compton-thick (purple), Compton-thin (red), and changing-look 
(orange) candidates. A bimodal distribution can be appreciat- 
ted (K-S test, p=0.030), with the difference around log(L(2- 
10 keV))~42. Based on this histogram we separate the objects 
into faint (with log(L(2-10 keV))<42) and bright (log(L(2-10 
keV))>42) Seyfert 2s. 

(■.From these, 15 sources are bright, including four Compton- 
thick (one variable, MARK 3), two changing-look (both 
variable, MARK 273, and NGC7319), and nine Compton- 
thin (seven variable, MARK 348, ESO417-G06, 3C98.0, 
MARK 1210, NGC4507, IC4518A, and NGC7172). The re¬ 
maining 11 objects are faint Seyfert 2s, including three 
Compton-thin (one shows variations, NGC6300) and eight 
Compton-thick (none varies). 

In total, 10 (out of 15) bright nuclei, and one (out of 10) faint 
nuclei show variations. Therefore, brighter sources include more 
variable sources and less Compton-thick candidates, a trend that 
can be derived by comparing left- and righthand panels in Fig. 
[4] Moreover, we note that NGC6300 (i.e., the only faint source 
that varies) has log(L(2-10 keV))=41.95, very close to the es¬ 
tablished luminosity limit. The mean values of the spectral pa¬ 
rameters of these subgroups are reported in Table [3j where faint 
objects show a steeper power law index than bright objects. 

5.4. Short-term X-ray variability 

Observations with a net exposure time > 30 ksec are used to 
study short-term variations. This requirement leaves us with ten 
sources for the analysis (see Table lA.6l >. Three of them (IC 2560, 
NGC5194, and MARK 573) show positive values of cr^ lxs , but 
below 3cr of confidence level in all cases. Therefore we cannot 
claim short-term variations in any of the objects in our sample. 
Upper limits of cr 2 NXS have been estimated for all the other cases. 


Table 3: Mean values of the spectral parameters for the sub¬ 
groups. 


Group 

r 

Nh2 

log(L(2-10 keV)) 

All 

1.56)0.40 

34.69)15.30 

42.56)0.89 

HBLR 

1.34+0.43 

39.22+18.62 

42.72+0.80 

NHBLR 

1.58)0.48 

40.17)20.23 

41.40)1.04 

Compton-thick 

0.57)0.29' 

43.95)19.53 

42.33)1.01 

Compton-thin 

1.43)0.32 

20.31)14.39 

42.73)1.12 

Changing-look 

1.68)0.49 

45.99)1.24 

42.76)0.49 

Bright 

1.44)0.40 

32.11)20.12 

42.78)0.29 

Faint 

1.69)0.61 

34.53)21.20 

41.38)0.82 


(Col. 1) Group, (Col. 2) values of T, (Col. 3) column density in 
units of 10 22 c/rT 2 , and (Col. 4) intrinsic luminosity in the 2-10 
keV energy band. 

1 This value is calculated from the simultaneous values reported in Table 

lAJl 

5.5. Long-term UV flux variability 

XMM -Newton data at different epochs were used to study long¬ 
term X-ray spectral variations in 13 sources. In nine of them 
data from the OM cannot be used because the source is outside 
the detector or because the same filter is not available at differ¬ 
ent epochs. In contrast, two objects (MARK 273 and NGC 5194) 
have OM data while the sources were out of the pn detector, 
so these data were also used to search for variations at UV 
frequencies. Thus, UV data for variability studies are available 
for six galaxies (3C98.0, NGC 4698, NGC 5194, MARK268, 
MARK273, and MARK477). Only NGC5194 shows variations 
above 3<x of the confidence level in one filter (UVW1). 

We also searched in the literature for UV variations for the 
sources in the sample, but this information was available only 
for MARK 477 (see Appendix [B). Comparing the analyses at 
X-rays and UV, two out of the six sources do vary at X-rays 
but not at UV frequencies (3C98.0 and MARK273), and one 
(NGC 5194) does not show variations in X-rays but it does at 
UV. The remaining three objects do not vary neither in X-rays 
nor at UV frequencies. 
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6. Discussion 


6.1. X-ray spectral variability 

A long-term X-ray variability analysis was performed for 25 out 
of the 26 nuclei in our sample of Seyfert 2 galaxiefUl From 
these, 11 sources are variable at X-rays. Among the remaining 
14 nuclei where variations are not detected, 11 are Compton- 
thick candidates, and therefore variations are not expected (e.g., 
iMatt et akll2013l and references therein). This agrees well with 
our results, where only one out of the 12 Compton-thick can¬ 
didates shows variations. We refer the reader to Sect. 16.21 for a 
complete discussion about Compton-thick candidates. The other 
three nuclei where variations are not detected are Compton-thin 
candidates (NGC 788, NGC 4698, and MARK 268). The lack of 
variations may be due to the short timescale between observa¬ 
tions for MARK 268 (two days). The timescales between ob¬ 
servations for the other two sources are on the order of years, 
so, in principle, variations could be detected. New data would 
therefore be required before confirming the non-variable nature 
of these sources. 

In this section the discussion is focused on the dif¬ 
ferent patterns of variability obtained for the 11 variable 
nuclei, including eight Compton-thin, two changing-look, 
and one Compton-thick candidates. We notice that this is 
the first time that transitions from a Compton-thin to a 
Compton-thick (or vice versa) appearance have been reported 
for MARK 273 and NGC 7319, which should be added to 
the short li st of known cha nging-look Seyfe rt 2s, such as 
NGC 2992 dGilli et al.1 l2000h MA RK 1210 dGuainazzi et al 


20053), and NGC 7582 ( Bianchi et ak l l2009l) . 


2002) NGC 6300 (Guainazz ill2002l). NGC 7674 (Bianc hi et al 


6.1.1. Variations at soft energies 

We found that most of the objects in our sample do not vary 
at soft X-ray energies, indicating that the mechanism responsi¬ 
ble for the soft emission should be located far from the nucleus. 
Indeed, using artificial neural networks, IGonzalez-Martln et al.l 
(120141) compared the spectra of different classes of AGN and 
starburst galaxies and find that Seyferts 2 have a high contribu¬ 
tion from processes that are related star formation, which may 
be related to emission coming from the host galaxy. 

Notwithstanding, two sources show variations at soft ener¬ 
gies (<2 keV), each showing a different variability pattern, but 
in both cases these variations are accompanied by variations in 
the normalization of the hard power law; NGC 6300 shows vari¬ 
ations in the normalization at soft energies, Nomi \, when com¬ 
paring data from XMM-Newton and Chandra ; and NGC 7319 
showed variations in the absorber at soft energies, N H \, when 
comparing two Chandra observations. It is worth noting that the 
soft X-ray fluxes are on the order of 10 ~ l3 erg cnr 2 s~ l in the 
two nuclei, which is typical of Seyfert galaxies dGuainazzi et al.l 
l2005bh . so these variations are not related to low-count number 
statistics. However, variations at soft energies in these sources 
have not been reported before. Up to now, such variations have 
only been found for two Seyfert 2s. iPaggi et akl (1201 2l) found 
variations at soft X-rays in the Seyfert 2 MARK 573 when com¬ 
paring four Chandra observations. This nucleus is also included 
in the present sample, but variations are not found here, mainly 
because we did not use two of the observations included in the 
work of lPaggi et al l ( 201211) since they were affected by a pileup 

11 We recall that NGC 3079 will not be used for the discussion of vari¬ 
ability, see Sect. l5Tl 


fraction higher than 10%. iGuainazzi et~ah ( 2012 ) speculate that 
variations at soft X-ray energies in MARK 3 may be present 
when comparing XMM-Newton and Swift data, but confirma¬ 
tion is still required. They argue that these variations are most 
probably due to cross-calibration uncertainties between the in¬ 
struments, but if true, soft X-ray variations could be related to 
the innermost part of the narrow-line region. 

On the other hand, the variability patterns found in this work 
have also been reported for other types of AGN. Variations 
in the ab sorbers , as seen in NGC 7319, were found by 
IGonzalez-Martln et al.l (1201 lal) . who used Suzaku data to study 
the LINER 2 NGC 4102. They argue that the variations at soft 
energies are due to an absorbing material located within the torus 
and perpendicular to the plane of the disk. Variability timescales 
can be used to estim ate the lower limits of the cloud veloc¬ 
ity (e.g.. !Risaliti et alJl2007l) . However, the timescales between 
our observations were obtained randomly, so the variability 
timescale of the eclipse can be shorter. In the case of NGC 7319, 
variations are obtained within a timescale of seven years, which 
is too long to estimate the distance at which the cloud is located. 
It is worth noting that we classified this object as a changing- 
look candidate. Besides, we found that NGC 6300 varied the nor¬ 
malizations at soft and hard energies. Using the same method as 
explained in this work, iHernandez-Garcla et al.l d2013l) find the 
same variability pattern in the LINER 2 NGC 4552, indicating 
that these variations may be intrinsic to the emitting material. 


6.1.2. Absorber variations 


Variations in the circumnuclear absorbers are thought to be very 
common in Seyfert galaxies. In fact, these variations are usu- 
ally o bserved in Seyferts 1-1.9 (e.g. , NGC 1365, iRisaliti et al 


2007: NGC 4151, IPuccetti et al.l200l MARK 766, 


Risaliti et al 


2011), where it has been shown that the changes are most 


probably related to the broad line region (BLR), although it 
has been suggested that multiple absorbers may be present 
in an AGN, located at different scales (tBraito et al.l l2013h . 
However, it is not so clear whether variations due to absorbers 
are common for optically classified Seyfert 2s, for which this 
kind of vari ation has only been r eported in a few cases (e.g., 
MA RK 348.lMarchese et all20l4 NGC 4507.lBraito et al.l2013l 
and iMarinucci et al .1120131: MARK 1210. IRisaliti et alJl2010h . ~ 


(■.From the 11 variable sources in our sample, variations due 
to absorbers at hard energies are detected in four nuclei. In two 
of them, MARK 1210 and NGC 4507, variations in Nhi are ac- 
compained by variations in the nuclear continuum, Normi. The 
variability pattern reporte d for these objects a grees with previ¬ 
ous re sults presented by Risaliti et al. (20 03 ) and iBraito et al.l 
(120131) . who argue that the physical properties of the absorber are 
consistent with these variations occurring in the BLR. Following 
prescriptions in IRisaliti et al.l d2010l ) and using the BH masses 
(Table [2} and variability timescales of one and ten days for 
MARK 1210 and NGC 4507, respectively, we estimate the cloud 
velocities to be higher than 10 3 A7» s _1 in both cases, thus also lo¬ 
cating the absorbers at the BLR. 

On the other hand ESO417-G06 and MARK 273 showed 
variations only in ATn. lTrippe et al.l (1201 ll) report variations of a 
factor about two in the count rate of ESO417-G06 from the 22- 
month survey of Swift, and iBalestra et al.l d2005l) fit the XMM- 
Newton and Chandra spectra of MARK 273 studied in this work 
and note that different column densities were required to fit the 
data well (its values in good agreement with ours), indicating 
variations due to absorption. The timescale between observa¬ 
tions for ESO417-G06 is 40 days and two years for MARK 273. 
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Therefore, we cannot estimate the cloud velocity for MARK 273 
because the timescale is too large. Assuming the variability 
timescale of ESO417-G06 (40 days) and following prescrip¬ 
tions in iRisaliti et al .l (1201 0). we estimate a cloud velocity > 60 
km s 1 , so too low to restrict the location of the cloud. Since 
this estimate is a lower limit of the cloud velocity, a monitoring 
campaign of these sources would be needed to constrain their 
variability timescales, in order to properly constrain the locus of 
the absorbers. 


6.1.3. Flux variations 

The most frequently varying parameter in our sample is Nomij ., 
which is related to the nuclear continuum. These kinds of varia¬ 
tions are observed in nine out of the 11 X-ray variable sources - 
sometimes accompanied by variations in other parameters (see 
Sects. 16717X1 and 16.1.2b . Therefore the most natural explanation 
for the observed variations in Seyfert 2 galaxies is that the nu¬ 
clear power is changing with time. We recall that variations 
are not due to changes in the power law index, T, but related 
to its normalization. It has been shown that hard X-ray vari¬ 


ability is usual in Seyfert 2 galaxies (e. g., iTurner et al.l 11997: 
li inn e et al.l 1201 ll iMarchese et alJl2014h . In fact, this kind of 
variation has already been reported in the literature for objects 
included in the present work from intrinsic flux variations indi¬ 
cating changes in the nuclear continuum dlsobe et al.l 12005b or 
because they needed to set free the normalization of the power 
law for a prope r fit to the d ata (LaM assa et al.ll20TTh . Also at 
higher energies. ISoldi et aD (12013 ) studied the long-term vari¬ 
ability of 110 AGN selected from the BAT 58-month survey and 
argue in favor of a variable nuclear continuum plus a constant 
reflection component. Their result is independent of the classi¬ 
fication of the objects, which includes Seyferts, NLSyls, radio 
galaxies, and quasars. 

Flux variations are indeed a property of AGN, and they have 
been rep orted at different frequencies for Seyfert 2s, such as 
in radio dNagar et aDl2002t Neff & de Bruvnlll983h or infrared 
(ISharnles et al.ll 1984 ; iHonig et al .11201 2l) . In the present work we 
used data from the OM onboard XMM-Newton to study UV 
variability. These data are available at different epochs for six 
objects in our sample, but only NGC5194 shows variations in 
the UVW1 filter. This is a Compton-thick candidate that does 
not vary in X-rays, so variations at UV frequencies from the nu¬ 
clear component are not expected. It has been shown that the 
UV/optical spectra of Seyferts 2 include scattered AGN light, 
and it can sometimes be produced by young starbursts, including 
supernovae explosions fe.g.. iGonzalez Delgado et id.1:2004 ). In 
fact, supernovae explosions in NGC 5194 have been reported in 
1945, 1994, 2005, and 2011 (IVan Dvk et alJl20H . which could 
account for the observed variations in the UV. 

None of the remaining five nuclei show variations at UV fre¬ 
quencies, although there are two nuclei that are variable in X- 
rays (3C 98.0 and MARK 273). The lack of UV variations could 
be explained because X-ray and UV variations might not happen 
simultaneously fe.g.. [Hernandez-Garcfa et al . 20141) or because 
we are not directly observing the nucleus~ [Mufioz Marin et all 
(l2009t) studied 15 Seyfert galaxies with HST data (including 
types 1 and 2) and found that most type 2 nuclei appear resolved 
or absent at UV frequencies, concluding that the UV emission 
in Seyfert 2s does not come from the nucleus. Thus, the lack of 
UV variations in Seyfert 2s is most probably because we are not 
directly observing the nucleus at UV. 


6.2. Compton -thickness 

iBrightman & Nandral (1201 lal) show that at column densities ~ 
4 x 10 24 cm 2 , the observed flux below 1 0 keV is half that of th e 
intrinsic flux at harder energies (see also lGhisellini et akll 19941) . 
This indicates that in Compton-thick objects, the primary contin¬ 
uum is so absorbed in the 2-10 keV energy band that the emis¬ 
sion is optically thick to Compton scattering, and the spectrum is 
reflection-dominated. For this reason, we have distinguished be¬ 
tween Compton-thin and Compton-thick candidates (see Sects. 
I4~5landl53l>. 

However, the task of classifying Compton-thick objects with 
X-ray data comprising energies up to ~ 10 keV is hard be¬ 
cause the peak of the primary emission is above 10 keV. Instead, 
three different indicators involving X-ray and [O III] emission 
line data are used for their selection (see Sect. 14.51 for details). 
While the three criteria are met in most cases, our results have 
shown that the X-ray to [O III] line flux ratio, log (F x /F[oni]) 
is the most unsuitabl e indica tor (see Fig. 0. This agrees with 
iBrightman & Nandral (1201 lbl) . who argue that this parameter 
can be inaccurate for classifying Compton-thick sources be¬ 
cause of the uncertainty in the reddening correction of the [O 
III] line flux. Moreover, in Fig. [5] (right) there are four objects 
with log (F x /F[oni]) > 2.5, which is higher than the values 
found by other auth ors (Bas sani et al.l 1 1 9991: ICanni et ahll2006t 
iPanessa et al.ll2006l) . what may be due to a underestimation of 
the [O III] line flux. Although the [O III] line is a good lumi¬ 
nosity indicator, the reddening correction might depend on the 
geometry of the narrow line region, leading to an underestima¬ 
tion of its flux if we do not take it into account and leading to 
very high values of F x /Fom¬ 
in the present work, 12 nuclei are classified as Compton- 
thick candidates. Among them, variations are found only in 
MARK 3, which was previousl y classified as a Com pton-thick 
candidate dBassani et al.l Il999t iGoulding et al.l 1201 2l) . with a 
column density of 1.1 x 10 24 cm 2 measured by BeppoSAX 
(Can ni et~aPll999|). In fact, variations in MARK 3 have already 
been reported by [Guainazzi et al] (120121) . who studied its vari¬ 
ability using XMM-Newton, Suzaku, and Swift data, and found 
variations on timescales of months. We found that the changes 
in MARK 3 are related to Norm 2 , i.e., intrinsic to the source. 
The most likely explanation for these variations could therefore 
be that part of the emission is still transmitted below 10 keV, so 
variations can be observed. 

Interestingly, we found that most of the Compton-thick can¬ 
didates are non-variable and tend to be fainter than Compton- 
thin and changing-look candidates, which show X-ray varia¬ 
tions (see Fig. 0}. This can be explained because the intrinsic 
luminosity is underestimated if the primary continuum is sup- 
pr essed at energies below 10 keV , in agreement with the results 
of iBrightman & Nandra ( 1201 la ). In fact, the only Compton- 
thick candidate that shows variations in X-rays is included as a 
bright Seyfert 2. It could be that variations are not observed be¬ 
cause the spectra of Compton-thick sources are dominated by 
the reflection component. If so, this component might be lo¬ 
cated farther away from the central source, so it remains con¬ 
stant. This scenario agrees with the results we have obtained for 
the only source where a reflection component was statistically 
required by the data (namely 3C98.0). These results are also 
in good agreement with those found by other authors, who did 
not find X-ray variability for objects classified as Compton-thick 
(e.g., NGC 424 and NGC 5194 lLaMassa et al]l20TTl Circinus, 

I Arevalo et al .112014 NGC 5643. lMatt et al.ll2013l) . 
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As noted above, if the reflection component does not vary, it 
might indicate that the reflection of the primary continuum oc¬ 
curs at large distances from the SMBH. The same result was ob¬ 
tained bv lRisalitil d2002h , who studied Seyfert 2s with BeppoSAX 
and found that the cold reflection component is compatible with 
being non-variable. They argue that if the reflection originates in 
the accretion disk, the reflection and the transmitted components 
must be closely related, but if the distance of the reflector to the 
SMBH is greater than the light crossing time of the intrinsic vari¬ 
ations, the reflected component must remain constant. Therefore 
a reflector located far away from the SMBH is supported by our 
results, maybe in the torus or in the host galaxy. 


6.3. Caveats and limitations of the analysis 

The models used in this work to characterize the spectra of 
Seyfert 2 galaxies are a simplification of the true physical sce¬ 
nario occurring in these nuclei. In particular, the 2-10 keV en¬ 
ergy band - where variations are mostly found - is represented 
by an absorbed power law continuum, which could be an over¬ 
simplification of the real scenario. 

Spectral variability analyses of seven sources studied in 
this work have been reported previously. Since at least 
some of these works study individual sources, the models 
used in their analyses might be more complex than ours 
(see Appendix [B] for details). This comparison shows that 
our results are almost always compatible with those re¬ 
ported in the lite rature (M ARK 1210, jMatt et al.1 20091 and 
Risal iti et al 120 Hit NGC4507 . lMatt et al .120041 iMarinncci et al l 
20131 an d iBraito et aLlEnl MARK 273 iBalestra et al.l 120051: 
Circinus. lArevalo et al. 20141 NG C 6300. iGuainazzl 2002 : and 
NGC7172, LaMassa et al.ll20lHt . However, we cannot discard 
variations due to components that we did not fit in the models. 
For instance, iMarchese et al.l (12014l) analyzed the XMM -Newton 
and Suzaku data of MARK 348 (also included in the present 
work), and report variations due to a neutral plus an ionized ab¬ 
sorbers, together with a change in the ionization parameter of 
the ionized absorber. Their analysis is based on the residuals of 
the spectral fitting, where they include as many components as 
required, and the variability analysis is performed by testing dif¬ 
ferent scenarios, including a variable continuum plus a constant 
reflection component (x 2 /d.o.f-561. 7/407), a variable contin¬ 
uum plus a variable reflection component (x 2 /d.o.f- 551.1/406, 
but variations are not observed), variations due to absorptions, 
and changes in the ionization state (x 2 /d.o.f-55 1.6/407). We 
notice that our spectral fit of MARK 348 with Norm 2 varies re¬ 
sults in a very good fit (x 2 /d.o.f-1520. 5/1368) when compar¬ 
ing the two XMM-Newton data sets, and residuals are mostly at 
energies below ~ 2.5 keV (see Fig. [2}. Therefore, the presence 
of complex variations like these in at least some sources in our 
sample cannot be completely discarded. 


7. Conclusions 

Using Chandra and XMM -Newton public archives we per¬ 
formed a spectral, flux, short-, and long-term variability analysis 
of 26 optically selected Seyfert 2 galaxies. The main results of 
this study can be summarized as follows: 

1. Long-term variability was found in 11 out of the 25 an¬ 
alyzed nuclei, which are more frequent among the bright¬ 
est sources (log(L(2-10 keV)) > 10 42 erg s _1 ). From the 11 
variable sources, eight are Compton-thin candidates, two 
are changing-look, and only one (namely MARK 3) is a 


Compton-thick candidate. No difference in the variability is 
found among the HBLR and NHBLR objects. We report two 
changing-look candidates for the first time: MARK 273 and 
NGC 7319. 

2. Short-term variability has not been detected in any of the 
sources. Nor UV variability. 

3. The main driver of the observed variations is due to the 
power of the central engine manifested through variations in 
the normalization of the power law at high energies. At soft 
energies variations are rare, and column density variations 
have only been observed in four cases. 

Our results are compatible with a scenario where a con¬ 
stant reflection component located far away from the nucleus 
and a variable nuclear continuum take place. Within this sce¬ 
nario, Compton-thick objects are dominated by reflection and 
do not show any X-ray spectral or flux variations. This im¬ 
plies that their luminosities are suppressed at hard X-rays, mak¬ 
ing them fainter sources than Compton-thin objects. In contrast, 
most of the Compton-thin or changing-look candidates are vari¬ 
able, showing different patterns of variability. These changes are 
mainly due to variations in the nuclear continuum. However, 
variations of the absorber or at soft energies are also found in 
some cases, with many of them accompanied by variations of 
the nuclear continuum. These variations are mainly due to clouds 
intersecting our line of sight. 
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Appendix A: Tables 


Table A.l. Observational details. 


Name 

Instrument 

ObsID 

Date 

R 

Net Exptime 

Counts 

log (L uv ) 

Filter 





(") 

(ksec) 


(erg/s) 


(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(V) 

(8) 

(9) 

MARK 348 

XMM-Newton 

0067540201 

2002-07-18 

25 

18.5 

39552 

- 



ATWM-Newton 

0701180101 

2013-01-04 

25 

7.2 

5681 

- 


NGC424 

XMM-Newton 

0002942301* 

2001-12-10 

20 

4.5 

1777 

- 



XMM-Newton 

0550950101 

2008-12-07 

20 

127.5 

33452 

- 



Chandra 

3146* 

2002-02-04 

2 

9.2 

1266 

- 


MARK 573 

Chandra 

7745* 

2006-11-18 

2 

38.1 

3181 

- 



Chandra 

13124 

2010-09-17 

2 

52.4 

3456 

- 



XMM-Newton 

0200430701* 

2004-01-15 

20 

9.0 

3605 

42.75f0.01 

UVW1 








42.50f 0.05 

UVW2 

NGC788 

ATWM-Newton 

0601740201* 

2010-01-15 

20 

12.0 

4464 

- 



Chandra 

11680* 

2009-09-06 

3 

13.6 

1155 

- 


ESO417-G06 

XMM-Newton 

0602560201 

2009-07-11 

20 

5.9 

2273 

- 



XMM-Newton 

0602560301 

2009-08-20 

20 

6.1 

2031 

- 


MARK 1066 

Chandra 

4075* 

2003-07-14 

3 

19.9 

807 

- 



XMM-Newton 

0201770201 

2005-02-20 

20 

7.6 

974 

- 


3C98.0 

XMM-Newton 

0064600101 

2002-09-07 

20 

9.5 

2453 

41.94f0.08 

UVW1 


XMM-Newton 

0064600301* 

2003-02-05 

20 

2.9 

422 

41.99f 0.07 

UVW1 


Chandra 

10234* 

2008-12-24 

2 

31.7 

1353 

- 


MARK 3 

ATWM-Newton 

0111220201 

2000-10-19 

30 

35.2 

30700 

- 



XMM-Newton 

0009220601 

2001-03-20 

30 

4.3 

3471 

- 



XMM-Newton 

0009220701 

2001-03-28 

30 

3.1 

2465 

- 



XMM-Newton 

0009220901 

2001-09-12 

30 

0.9 

708 

- 



XMM-Newton 

0009220401 

2002-03-10 

30 

2.7 

2215 

- 



XMM-Newton 

0009220501 

2002-03-25 

30 

4.3 

3512 

- 



XMM-Newton 

0009221601 

2002-09-16 

30 

1.3 

1042 

- 


MARK 1210 

Chandra 

4875 

2004-03-04 

2 

10.4 

1998 

- 



Chandra 

9264 

2008-02-15 

2 

9.8 

2052 

- 



Chandra 

9265 

2008-02-15 

2 

9.4 

1873 

- 



Chandra 

9266 

2008-02-15 

2 

9.4 

1752 

- 



Chandra 

9268 

2008-03-06 

2 

9.8 

1608 

- 


NGC3079 

Chandra 

2038* 

2001-03-07 

4 

27 

414 

- 



XMM-Newton 

0110930201* 

2001-04-13 

25 

5 

1112 

- 


IC 2560 

XMM-Newton 

0203890101* 

2003-12-26 

20 

70.7 

7694 

- 



Chandra 

4908* 

2004-02-16 

3 

55.4 

1583 

- 


NGC3393 

Chandra 

4868* 

2004-02-28 

5 

29.3 

1971 

- 



Chandra 

12290 

2011-03-12 

5 

69.2 

3716 

- 



XMM-Newton 

0140950601* 

2003-07-05 

20 

10.1 

2759 

- 


NGC4507 

XMM-Newton 

0006220201 

2001-01-04 

30 

32.3 

35004 

- 



XMM-Newton 

0653870201 

2010-06-24 

30 

15.1 

11977 

- 



XMM-Newton 

0653870301 

2010-07-03 

30 

12.1 

9574 

- 



XMM-Newton 

0653870401* 

2010-07-13 

30 

12.2 

10023 

- 



XMM-Newton 

0653870501 

2010-07-23 

30 

10.3 

8247 

- 



XMM-Newton 

0653870601 

2010-08-03 

30 

1.0 

752 

- 



Chandra 

12292* 

2010-12-02 

2 

39.6 

9048 



NGC4698 

XMM-Newton 

0112551101 

2001-12-16 

25 

8 

411 

40.14f0.lt) 

UVM2 


XMM-Newton 

0651360401 

2010-06-09 

25 

28 

1647 

40.14f0.ll 

UVM2 

NGC5194 

Chandra 

1622 

2001-06-23 

2 

27 

451 

- 



Chandra 

3932* 

2003-08-07 

2 

48 

940 

- 
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Table A.l. (Cont.) 


Name 

Instrument 

ObsID 

Date 

R 

Net Exptime 

Counts 

log (Luv) 

Filter 





(") 

(ksec) 


(erg/s) 


(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(V) 

(8) 

(9) 


Chandra 

13813 

2012-09-09 

2 

179.2 

2238 

- 



Chandra 

13812 

2012-09-12 

2 

157.5 

2516 

- 



Chandra 

13814 

2012-09-20 

2 

189.9 

2574 

- 



Chandra 

13815 

2012-09-23 

2 

67.2 

1022 

- 



Chandra 

13816 

2012-09-26 

2 

73.1 

1033 

- 



ATWM-Newton 

0112840201 c 

2003-01-15 

25 

17 

11641 

40.94f 0.01 

UVW1 


XMM-Newton 

0212480801 

2005-07-01 

- 

- 

- 

40.93i0.01 

UVW1 








40.38i0.11 

UVM2 








40.37^0.16 

UVW2 


XMM-Newton 

0303420101 

2006-05-20 

- 

- 

- 

40.79i0.01 

UVW1 


XMM-Newton 

0303420201 

2006-05-24 

- 

- 

- 

40.84i0.01 

UVW1 








40.34i0.07 

UVW2 


XMM-Newton 

0677980701 

2011-06-07 

- 

- 

- 

40.97i0.01 

UVW1 








40.59i0.04 

UVM2 








40.40i0.08 

UVW2 


XMM-Newton 

0677980801 

2011-06-11 

- 

- 

- 

40.94f0.01 

UVW1 








40.53f0.04 

UVM2 








40.41i0.08 

UVW2 

MARK 268 

XMM-Newton 

0554500701 

2008-07-20 

20 

2.3 

547 

42.59f0.05 

UVM2 








42.93i0.01 

UVW1 


XMM-Newton 

0554501101 

2008-07-22 

20 

10.5 

2469 

42.66i0.064 

UVM2 








42.92i0.01 

UVW1 

MARK 273 

XMM-Newton 

0101640401 c 

2002-05-07 

20 

17.8 

1796 

43.05i0.06 

UVW1 


XMM-Newton 

0651360301 

2010-05-13 

- 

- 

- 

43.16i0.01 

UVW1 


Chandra 

ON 

o 

OO 

2000-04-19 

4 

44.2 

1633 

- 


Circinus 

Chandra 

365 

2000-03-14 

2 

5.0 

1638 

- 



Chandra 

9140 

2008-10-26 

2 

48.8 

15594 

- 



Chandra 

10937 c 

2009-12-28 

2 

18.3 

5929 

- 



XMM-Newton 

0111240101 

2001-08-06 

15 

63.8 

139614 

- 



XMM-Newton 

0656580601 c 

2014-03-01 

15 

24.1 

43031 

- 


NGC5643 

ATWM-Newton 

0140950101 

2003-02-08 

25 

5.9 

1419 

- 



XMM-Newton 

0601420101 

2009-07-25 

25 

16.1 

4142 

- 


MARK 477 

XMM-Newton 

0651100301 

2010-07-21 

20 

7.2 

1898 

43.41i0.01 

UVW1 


XMM-Newton 

0651100401 

2010-07-23 

20 

6.5 

1761 

43.43i0.01 

UVW1 

IC4518A 

XMM-Newton 

0401790901 

2006-08-07 

20 

7.5 

2082 

- 



XMM-Newton 

0406410101 

2006-08-15 

20 

21.1 

4003 

- 


ESO 138-G01 

XMM-Newton 

0405380201 

2007-02-16 

20 

10.5 

4454 

- 



XMM-Newton 

0690580101 

2013-02-24 

20 

7.7 

3179 

- 


NGC6300 

Chandra 

10292 f 

2009-06-10 

2 

9.8 

3686 

- 



Chandra 

10293 

2009-06-14 

2 

9.8 

3331 

- 



XMM-Newton 

0059770101 c 

2001-03-02 

20 

34.9 

919 

- 


NGC7172 

XMM-Newton 

0147920601 

2002-11-18 

25 

10.9 

19949 

- 



XMM-Newton 

0202860101 

2004-11-11 

25 

18.1 

31517 

- 



XMM-Newton 

0414580101 

2007-04-24 

25 

26.9 

92998 

- 


NGC7212 

XMM-Newton 

020043020l c 

2004-05-20 

20 

9.6 

1365 

Not detected 



Chandra 

4078 f 

2003-07-22 

3 

19.9 

682 

- 


NGC7319 

Chandra 

789 

2000-07-09 

3 

19.7 

880 

- 



Chandra 

7924 1 ' 

2007-08-17 

3 

93.2 

3796 

- 



XMM-Newton 

0021140201 c 

2001-12-07 

20 

32.3 

5839 

Not detected 
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Table A.l. (Cont.) 


Name 

Instrument 

ObsID 

Date 

R 

Net Exptime 

Counts 

log (L uv ) 

Filter 





(") 

(ksec) 


(erg/s) 


(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 


Notes. (Col. 1) name, (Col. 2) instrument, (Col. 3) obsID, (Col. 4) date, (Col. 
5) aperture radius for the nuclear extraction, (Col. 6) net exposure time, (Col. 7) 
number of counts in the 0.5-10 keV band, (Cols. 8 and 9) UV luminosity from 
the optical monitor and filter. The c represents data from different instruments 
that were compared as explained in Sect. 14.21 


Table A.2. Final compilation of the best-fit models for the sample, including 
the individual best-fit model for each observation, and the simultaneous best-fit 
model with the varying parameters. 


Analysis 

ObsID 

Model 

Nm 

N H 2 

kT 

r 

Norm\ 

Norm .2 

X 2 /d.o.f 






keV 


(10- 4 ) 

(10 4 ) 

F-test 

a) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

GO) 

MARK 348 

Ind 

0067540201* 

ME2PL 

0 oo 003 

u - uu o.oo 

n 4o 13 - 61 

13 12.94 

018(5; 14 

1 50 136 
a - ju 1.44 

0 59 0 - 63 
U - J ^0.55 

fin 7101.65 

80.76go 76 

1281.96/1132 

Ind 

0701180101 

ME2PL 

- 

12 89 14 - 12 

iz.o^n 74 

o- 2 °o:i8 

1 42 138 
1>fZ 1.26 

0 37 0 49 

U.J/Q37 

772 0132.79 

Z3.o 117 39 

219.05/227 

SMF1 

0067540201 

ME2PL 

- 

13 29 13 - 70 
lDjLy 12.90 

0 19 0 - 21 
u>a ^0.18 

1 50 136 
a - ju 1.44 

°- 54 a50 

88 - 49 ?l« 

1520.54/1368 


0701180101 




NGC424 



27 17 30 - 49 
Z7,A 7 24.37 

0 

Ind 

0002942301* 

2ME2PL 

- 

34 89 s L68 

^.0^23 92 

0 07°° 9 t0 65 0 72 ) 
/ 0.06 ^ l,-UJ 0.58-' 

1 49 1 - 91 
a -^1.07 

0- 48 a48 

4 21 10 69 
^• Z1 1.44 

66.80/54 

Ind 

0550950101 

2ME2PL 

- 

45 55 51 - 01 

0 10 011 CO 

U,1U 0.09 '' u-/ A 0.70' 

2.03 7 ;‘° 

0' 74 074 

11 47 13 - 75 

1 A -^ 7 9.26 

1165.90/532 

Ind 

3146 

2ME2PL 

- 

17 1 2 22 - 84 

A/ - AZ 13.14 

0 10° 15 10 7l 0 - 84 ) 
u - au 0.08 ^ 71 0.60^ 

2.35 7 ;« 

°^ 8 nfi8 

13 76 23-77 
1J - /U 6.62 

48.02/37 

SMF0 

0002942301/3146 

2ME2PL 

- 

24 - 49 is:65 

0 09 010 (0 67 0/73 ) 

uu ^ 0.07 '' U - D/ 0.6 C 

!-82^ t 

°- 72 n58 

6 70 1311 
/U 3.11 

138.97/103 






MARK 573 





Ind 

7745 

2ME2PL 

- 

33-28?|;|| 

0 13 015 10 71 0 - 76 ) 

u.Uq ii v^-/i 066 ; 

2 50 2 - 78 
Z - JU 2.02 

°- 48 a36 

72 Q716.71 

7 1.51 

71.22/67 

Ind 

13124* 

2ME2PL 

- 

38-48“3» 

0 09°’ 13 (0 67° 32 ) 

u-uv 0.07 ^ U O/ 0.62^ 

1 92 2-27 
a -^ z 1.61 

0 57 0-87 
U-J/ 0.57 

5- 18 2.49 9 

92.51/78 

Ind 

0200430701 

2ME2PL 

- 

17 - 12 Ino2 

0 14 018 tO 73 0 - 82 ') 

U< A ^0.11 7 3 0.68 ' 

7J 0723.45 
J-ZJ 3.03 

0 66 0 87 
u-uu 0.66 

9.851 s ,f 

78.04/88 

SMF0 

All 

2ME2PL 

- 

45-83 

0 10 012 tO 67 069 ) 

UAU 0.09 7 0.64 2 

2 12 2 - 45 f 
Z - AZ 1.85 1 

0 41 051 
U -^ A 0.38 

2-74 137 

198.73/161 






NGC788 





Ind 

0601740201* 

2ME2PL 

- 

50 32 56 - 40 

JU " 3Z 44.62 

0 ll 012 tO 71 0 76 ') 
u - 11 0.09 '' U-/A 0.64' 

141 167 

1 1 1.15 

0 31 0 - 47 
U-Ji 0.31 

16- 84 | 0 il 2 

199.77/154 

Ind 

11680 

2ME2PL 

- 

44 35 53 - 07 
JJ 36.55 

0 14 017 tO 76 0 87 ) 
u - ah 0.09 '' U - /u 0.67 ; 

0 ' 61 ai5 

0 15 031 

U - 1J 0.15 

4 10 1031 
^• au 1.53 

34.4566/39 

SMF0 

All!+ring) 

2ME2PL 

- 

46 61 5135 

-tu.ui 42 14 

0 11 012 tO 71 0 - 75 ) 
UAA 0.09 vu,/ a 0.67^ 

128 L06 

0 35 0 41 

0.29 

12 43 2031 
AZ -^ 7.55 

262.36/205 






ESO417-G06 





Ind 

0602560201* 

MEPL 

0 77 0 - 91 
u - 7 ' 0.57 

5 15 610 

0 13 018 

U-AJ 0.10 

1 03 125 

1 -U3 0.85 

59.98 3 q 22* 

4.52 6-40 

129.13/96 

Ind 

0602560301 

MEPL 

0 72 0 - 87 
u - 7 z 0.50 

7 oc9.19 

0 19 0 - 26 

U - A ^0.14 

1 44 1.70 
a -^ 1.20 

16 - 28 3°5 2 : 57 

8 -56S° 

108.13/85 

SMF1 

0602560201 

MEPL 

0 76 0 84 
u-/u 0.62 

5 64 638 
5.01 

0 15 019 

U - 1J 0.14 

1 21 137 

1 ' Z1 1.07 

46.28‘ 1 3°3 75 

5-91^ 

249.86/189 


0602560301 



7 16 802 

7 ' 1 u 6.42 

MARK 1066 




2.6e-5 

Ind 

4075 

ME2PL 

0 25 0,47 
U,ZJ 0.13 

70 47186.87 

7 7 18.90 

0 65 0 71 

U,UJ 0.59 

2 17 2 - 40 

ZA 7 1.85 

0 40 1-20 
u,hu 0.40 

5 66 20-92 
J ‘ uu 0.22 

41.68/24 

Ind 

0201770201* 

ME2PL 

0 09°’ 19 
u - u ^o.oo 

54 30 10619 

jh.ow 30 42 

0- 7 6g;l? 

7 172.68 

17 1.57 

0 45 L05 
U '^ J 0.45 

6 23 19 - 76 

O.ZJi 74 

27.86/35 

SMF0 

All 

ME2PL 

0 12 034 
u - iZ 0.03 

07 9q 175.04 
oz - z ^45.83 

0.68°;™ 

2 - 02 L71 + 

0 53 0 71 
W-JJ 0.40 

7 n 25.58 

7 ‘ 1 a 2.23 

96.11/69 






3C98.0 





Ind 

0064600101* 

MEPL 

0 67 0 76 
U-U/ 0.57 

7 08 6:o3 

0 15 017 
u - 1 J 0.12 

1 04 137 
i,U ^0.81 

9 1 66 337.94 
^1.01)37 02 

72 774.95 

2.21 

117.19/102 

Ind 

0064600301 

MEPL 

0 69 100 

U-U ”0.52 

7 - 15 i°6i 2 

0 17°- 21 
u-i 7 0.11 

0 99 1 - 64 
u '”' ? 0.48 

40 52 138 - 52 

1 75 5 - 60 

1 ' 7 J 0.70 

7.30/12 

Ind 

10234 

MEPL 

L34 o:m 

707 s :§6 

0 21 035 
u - Zi o.io 

1 04 L48 

1-U a ).66 

13 04 662 07 

1 j.U'+Q 25 

1 73 4 - 18 

1 • 7 J 0.90 

64.69/53 

SMF1 

0064600101 

MEPL 

°<6l 

7 - 08 6U? 

0 14 017 
u ‘ 1 a).13 

1 02 133 

1 - uz 0.83 

92 50 23165 

7Z.JU36 51 

3- 2 424 

127.89/122 


0064600301 




MARK 3 



l.SS 7 ; 74 

6.1e-19 


Ind 


44.07 


47.24 

41.14 


1 25 1 -- 


1 54 1 - 74 
4.54 


15.89 


19.10 

13.17 


Ind 


44 05 53 ' 76 
34.88 


1 37 162 
1 ; 1.12 


i tiq2.01 

1 " 3 ° 1.38 


14.55 


25.44 

8.03 


22 


0111220201 * 

0009220601 


2ME2PL 

2ME2PL 


934.21/789 

162.96/134 























Hernandez-Garcla et al.: X-ray variability of Seyfert 2s 


Table A.2. (Cont.) 


Analysis 

ObsID 

Model 

Nm 

Nh2 

kT 

r 

Norm\ 

Normi 

X 2 /d.o.f 






keV 


( 10 - 4 ) 

(10 4 ) 

F-test 

(i) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

( 7 ) 

( 8 ) 

(9) 

GO) 

Ind 

0009220701 

2ME2PL 

- 

38-53||;|| 

0.11^(0.79«;»f) 

1 54 1-84 

i.j^i 21 

1 " 43 L42 

18 -i 4 ! 4 6 f 

93.31/93 

Ind 

0009220901 

2ME2PL 

- 

24 -2s?5:S 

0 - 12 ^ (0-50 

0 97 1 - 61 
u ^'0.31 

0 - 78 o?l 

3 - 48 031 4 

10.50/21 

Ind 

0009220401 

2ME2PL 

- 

45 36 67-96 
^• JU 30.98 

012 ^ (0.67°^) 

1 30 1-60 

1 ••^ u o .99 

1 902 .I 8 
1,:5 °1.38 

11 89 23-91 

AA - oy 5.51 

119.22/81 

Ind 

0009220501 

2ME2PL 

- 

34 51 44 - 58 
-^• J1 26.80 

0-188;?! ( 0 . 68 °£) 

1 31 1-58 
A-JA 1.04 

1 32 1-95 

1 ‘ JZ 1.32 

10.36l 8 3 73 

141.61/135 

Ind 

0009221601 

2ME2PL 

- 

53 09 97-46 

JJ.U7 30 30 

0 13 0-18 (0 73 0 - 82 ) 
U - 1J 0.07 { ' iJ - /J 0.65 J 

1 17 1-59 

1-1 '0.75 

1 ll 2-21 

1 * 11 1.11 

q qc27.66 
y ‘ yj 2.93 

41.96/35 

SMF1 

0111220201 

2ME2PL 

- 

43 26 45-99 
4 ° -ZO 40.72 

0 15 0-17 (0 69 0-71 ) 

U-iJ 0.15 KV - uy 0.68 J 

1-281111 

1 66 1-74 
1 -UU 1.57 

16 47 19-22 

iD-H/ 14.07 

1560.36/1354 


0009220601 







11-75 ‘ 4 7 ‘° 

5.6e-28 


0009220701 







ll - 29 



0009220901 







11-68 S 7 



0009220401 







10 86 ^l 1 



0009220501 







11.16 > 3 2 « 



0009221601 




MARK 1210 



10 42 13-15 

AU ^ 8.06 


Ind 

4875 

2ME2PL 

1 29 2-76 
1 -Z, 7 0.00 

99 7928.05 

^.^1772 

°.20O;33 ( 1 . 00 > : «) 

i-oiJ:!l 

0 62 2-60 
U-OZ 0.62 

17 54 64 -50 
A/-J ^ 5.36 

97.40/75 

Ind 

9264* 

2ME2PL 

- 

19 7l 2103 
A ^ -/A i 6 .oo 

0-21^ (0.83 3-37) 


0 43 0-96 
U -^ J 0.00 

6 72 21-94 
u ’ ; o.72 

110.80/78 

Ind 

9265 

2ME2PL 

i iq 1.98 
ii 8 0.10 

22 a 72Q38.54 
jj.j7 2579 

0 . 20 “;^ (0.82° : ? 4 ) 

1 942.44 

1 61 3-44 
A-OA 0.63 

29 30 255-59 

z.y.jv 2930 

71.09/69 

Ind 

9266 

2ME2PL 

0 65 L42 
u - OJ o.oo 

29 4335.07 

°-Kol (°- 66 a59) 

2 OO 2-61 
^• uu 1.46 

1 31 2-81 
a - ja 0.62 

32 02 295-37 
jz,.uz. 3202 

66.41/64 

Ind 

9268 

2ME2PL 

- 

29 13 33 - 38 
z ' y ' lJ 25 . 2 l 

0-07^(0.77^) 

1 62 2-24 
1-u ^1.25 

0 61 110 
U-Ui 0.61 

39.88^- 4 ! 

82.76/58 

SMF2 

4875 

2ME2PL 

- 

21 16 23-64 
ZA - AU 18.87 

0.18^(0.81^) 

1 29 1-48 

0 57 0-65 
U-J/ 0.50 

14 93 22 - 44 

A -+.^z>i 0 71 

496.50/384 


9264 



22 74 25 - 15 
^ 20.53 




24 72 37-28 

Z ^- /Z 17.72 

8.2e-19 


9265 



26 40 2905 

zd.hu 23 93 




26.67]|37 

1 . 6 e -8 


9266 



99 9925.83 
^• JJ 21.00 




21-58'?!! 



9268 



26 31 29-62 

Z,U.J1 23 30 

NGC3079 



16 73 24-45 

10. /z>i 144 


Ind 

2038 

MEPL 

1 76 206 

a,/0 1.47 

8 7430.63 
O-/H 0.00 

0 91 1-16 

U- ^ a 0.73 

<1.41 

9 993.26 
z - zz 1.72 

0 24 28 - 65 
u-z ^0.07 

21 . 02/20 

Ind 

0110930201 

MEPL 

0 65 0-88 

W - UJ 0.44 

0 OO 0-03 
u-uu 0.00 

0 25 0-38 

U-Z,J 0.18 

1 52 1-72 
1-JZ, 1.36 

n. 26^ 5 

0 61 0-70 
U-U1 0.51 

43.91/54 

IC 2560 

Ind 

0203890101* 

2ME2PL 

- 

34 - 00 26:“ 

°-090;00 (0.580;«) 

1 32 1-55 

0 13 0-19 
U-iJ 0.13 

0.83‘ : 3S 

298.27/247 

Ind 

4908 

2ME2PL 

- 

26.99«;33 

0 - 11 ^ (0.59“;|) 

l - 28 III 

0 10 0-17 
u.iu 00 9 

0.53?« 

87.87/51 

SMFO 

All(+ring) 

2ME2PL 

- 

3 1 42 39-74 
J1>fZ 25.13 

0.09°$ (0.60<$) 

1-28 l;g 

0 12 0-15 
U-iZ 0.10 

0 67 1-14 
U-U/ 0.38 

387.65/309 






NGC3393 





Ind 

4868 

2ME2PL 

0 OO 0-05 
u - uu o.oo 

99 C 7 I 2 O .39 

' 13.65 

o-i 4 8 :J 8 io-598;iD 

2 67 3-04 

z.o/ 22 4 

0 36 0-55 

U-JO 0.36 

A 1Q20.08 

*- Ly QJ8 

68.66/53 

Ind 

12290* 

2ME2PL 

0 00 0 02 
u-uu 0.00 

24 25 40 - 24 
Z ^ ZJ 13.95 

o.i58:!! (o-698 : 2) 

9 792.99 

z - /z 2.37 

0 43 0-60 
U-HO 0.43 

433 lfi 

144.84/88 

Ind 

0140950601 

2ME2PL 

0 oo 0 - 24 
U-UU 0.00 

2 1 30 775-71 
Z,1 - JW 8.06 

0-11^(0.50 

2 20 2-89 
Z>ZU 1.35 

0 20 0-59 
u.z.u 0 19 

1 26 4-35 
A-Z ' u 0.20 

85.17/76 

SMFO 

All 

2ME2PL 

- 

27 77 42 - 19 

7 18.92 

0-158:11 (0-65^) 

2 - 68 ?!! t 

0 50 0-56 
U-JU 0.43 

4 26 7-18 

^• Z °2.43 

232.76/153 






NGC4507 





Ind 

0006220201* 

2ME2PL 

- 

41 7743.11 
^ A-/ 7 40.45 

0 - 128 ; 1 ? (0-62° ; g) 

!-62l:l! 

107 l:!o 

7S 80^8.71 
/ J. 0 U 75 go 

1117.20/987 

Ind 

0653870201 

2ME2PL 

- 

47 -«9 SS 

o-i 28 :l? ( 0 . 6 O 

1 24 1-39 

1 -Z,h 4.09 

0.83‘;04 

23 56 33-00 

z j.JOl 6 75 

438.97/420 

Ind 

0653870301 

2ME2PL 

- 

50.083«4 

0 ll 013 m 65 0-68 ') 
u-AA o.io 

1 09 1-26 

1 -u ^0.93 

°- 76 a75 

20.611??! 

440.94/344 

Ind 

0653870401 

2ME2PL 

- 

43 OO 46-80 

-+J.UU 3940 

0-158:11 ( 0 - 69 a«) 

0 96 1-18 
u.^u 079 


i 3 - 90 ^! 9 

398.38/363 

Ind 

0653870501 

2ME2PL 

- 

46 19 50-42 
* u ' iy 42.22 

0 - 128 : 1 ? ( 0 - 618 : 1 ?) 

i-i 8 l:oo 

0 79 105 
u - iy 0J9 

22 03 32-92 

AA - KJD 14.62 

346.92/299 

Ind 

0653870601 

2ME2PL 

- 

27 56 40-28 

Z/-J °15.78 

014 ao 8 (°- 75 o:m) 

0- 77 -o.07 

0 22 0-94 
U-ZZ 0.22 

6 4 7 37-34 
U-H/ 0.85 

20.13/21 

Ind 

12292 

2ME2PL 

- 

44 68 47-46 

‘+‘+.u°42 02 

oi58:lI ( 0 - 73 S) 

o- 84 i:“ 

0 63 0-80 
U-UJ 0.62 

19 - 74 tI?9 

393.04/287 

SMF2 

0006220201 

2ME2PL 

- 

90 ci 39.63 

J8.M3742 

oi 28 :li(o .60 

i- 34 l:l! 

0 93 0-98 

7 0.88 

48 -i 6 ??:!! 

2891.79/2482 


0653870201 



48 45 51 - 45 
45 63 




30.92 2647 

0 


0653870301 



49 56 52-97 
46.37 




33 - 061 ?? 

l.le-13 


0653870401 



46 23 49 - 45 
40.ZJ 43 23 




33 16 38-82 
28.32 



0653870501 



46 52 50-03 

-+U.JZ. 43 26 




30-99 2638 



0653870601 



37 01 47-70 
J/-U1 28.95 

NGC4698 



99 49 31.84 
z j.^ z 174? 



23 

















Hernandez-Garcla et al.: X-ray variability of Seyfert 2s 


Table A.2. (Cont.) 


Analysis 

ObsID 

Model 

Nhi 

Nh2 

kT 

r 

Norm\ 

Normi 

X 2 /d.o.f 






keV 


GO” 4 ) 

(10 4 ) 

F-test 

(i) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 

(9) 

GO) 

Ind 

0112551101 

PL 

0 oo 0,03 

u,uu o.oo 

- 

- 

2 16 2,41 
z,,1 °1.98 

- 

- 

16.12/11 



2PL 

- 

7 45 17 - 35 

' ‘^z .20 

- 

9 a a 2.80 
^■^ 2.21 

0 20 0,23 
u.zu 0 17 

0 75 1,25 
U,/J 0.21 

8.01/9 

Ind 

0651360401* 

2PL 

- 

11 11 1621 
11 , 11 6.99 

- 

2 13 2,27 

1 z.OO 

0 22 0,23 
U,ZZ 0.21 

0 74 1,02 
u,/ ^0.48 

75.70/53 

SMFO 

All 

2PL 

- 

9 84 14,24 
t).69 

NGC5194 

21 9l;gl 

0 22 0,23 
u.zz 02 i 

0 70 0,97 
u,/u 0.50 

92.73/70 

Ind 

1622 

ME2PL 

0 01 0 26 
u,ul o.oo 

10 42 100 - 05 
AU, ^ Z 0.00 

0 64 0,70 

U,W 0.57 

2 . 682:23 

°°Co 

0 22 493,63 
u,zz 0.00 

10.38/8 

Ind 

3932 

ME2PL 

o oo °- 10 

u,uu o.oo 

36.13‘f 5 f 

0 66 0,70 
u,uu 0.61 

9 992.96 
Z,.JZ , 2 12 

O-OSooi 

0 97 3 - 67 
u,y/ 0.22 

35.93/27 

Ind 

13813 

ME2PL 

- 

60-36 PS? 

0 64 0,66 
u,w 0.61 

1 92 2,10 

1 - y ^ 1.72 

°- 06 ao 6 

0 90 212 
u, ^ u 0.37 

62.16/70 

Ind 

13812 

ME2PL 

0 14 0-28 
U,A ^ 0.00 

24 53 123,81 
15.73 

0 65 0,68 

U,DJ 0.61 

3 04 3,87 
J,u ^ 2.05 

0-080;24 

1 Q 1 6.69 
a, ^ a 0.53 

83.06/65 

Ind 

13814* 

ME2PL 

0 06 016 
U,UD 0.00 

4 1 09 56,65 
^ 1,u ^30.76 

0 62 0,64 
u,uz 0.59 

2 52 3,10 

Z..JZ, 2 07 

0 06 0,13 
u,uu 0.06 

\ 915-31 
A, ^ A 0.71 

87.12/68 

Ind 

13815 

ME2PL 

0 Ol 011 
U,UA 0.00 

70 97 9619 

0 67 0,72 
u,u/ 0.63 

2 40 3,10 

z,.hu 22 3 

0 09 0,18 
u,u "0.09 

3-40i 7 o f 

20.00/31 

Ind 

13816 

ME2PL 

o oo 0 - 20 

u,uu o.oo 

152 21 201,25 
67 83 

1 0 60 0,64 

U,OU 0.56 

2.06i39 

0 O 6 0 09 
u,uo 0.06 

U.5 8 ?6,1 7 

55.55/29 

Ind 

0112840201 

2ME2PL 

0 OO 0 04 
u,uu o.oo 

12 01 14,77 
1Z,U1 9.82 

0.15°45 (0.600 «) 

2.81239 

°- 7 Co 

8 -69^ 3 

177.67/207 

SMFO 

All 

ME2PL 

0 OO 0 05 
u,uu o.oo 

48 69 68,60 
^ 0,u ^35.14 

0 64 0,65 
u,u ^0.63 

244 lo 8 t 

0.080;05 

1 03 1,81 

1 ,UJ 0.70 

448.67/358 






MARK 268 





Ind 

0554500701 

2PL 

0 10 0,24 
u,AU o.oo 

35.25 mi 

- 

9 4Q3.26 
z, ^1.83 

0 47 0 - 74 
u, ^ / 0.31 

Q 1 99409.21 
7A,jj 26.18 

12.07/17 



ME2PL 

0 13 1,76 
U, 1 J 0.00 

31.86g- 

0 57 0,88 
u,J/ 0.32 

2 ll 3,07 

Z,A 1.35 

0 15 1,70 

U,1J 0.15 

42 -96?; i 2 f 

6.52/15 

Ind 

0554501101* 

ME2PL 

0 01 0 09 
u,ul o.oo 

34 27 39,16 

r» 01 0.89 

0.69 

1 70 2,05 

1,/u 1.48 

0 22 0,30 
u,zz 0.18 

n- 84 f?:If 

104.44/99 

SMFO 

All 

ME2PL 

0 02 009 
u,uz o.oo 

33 65 37,93 

r\ 70 O .86 

U - /8 0.64 

1 75 2,06 
1,/J 1.51 

0 24 0,31 

U.Z 4+0 19 

20. 8 24O42 

124.87/124 






MARK 273 





Ind 

0101640401* 

ME2PL 

- 

58.46™* 

0 67 0,74 
u,u/ 0.61 

1 91 207 
a, * a 1.74 

0 27 0,34 
u,z/ 0.27 

6.19571 

81.61/64 



2ME2PL 

- 

59 9478.44 
Jy ‘ ^43.57 

0.26040 (0.740;**) 

1 66 1,93 
1,uu 1.32 

0 19 0,31 

u.i^o 19 

3 - 78 L63 

77.53/62 

Ind 

809 

2ME2PL 

°- 42 an 

45-iiS 

0.04046 (O.g^.94) 

2 30 3,07 

z.JUi 76 

n 9^0.70 
°' 26 0.26 

2 °. 7 08 ° 06 25 

56.07/58 

SMF1 

0101640401 

2ME2PL 

- 

78-85 

0.01046 (0.88°") 

1 99 1.46 
.17 

0 17 019 

U,A '0.15 

2 - 86 Io9 

193.34/131 


809 



38.43;:'!;! 

Circinus 





Ind 

365 

2ME2PL 

- 

60.04*146 

1.050 (0.44°) 

0.98>;23 

2 45 3,51 
Z, ^ J 2.45 

14 15 25,59 
a ^ ,aj 5.09 

130.43/58 

Ind 

9140* 

2ME2PL 

- 

41 33 46,73 

°- 07 ao3 (°- 71 a 6 l) 

!ooJ : ‘? 

2 76 3,20 
z ‘ /u 2.76 

13 34 16 - 57 

1J.J^1080 

965.62/397 

Ind 

10937 

2ME2PL 

- 

54 02 67,25 

JH-.UZ .4353 

0-0 7 o (0.75°") 

0 - 88 g% 

2 29 2,93 
^■^^2.29 

15 15 21,23 
iJ,1J 10.62 

476.34/198 

Ind 

0111240101* 

2ME2PL 

- 

on 5JO44.20 
jy,J,:A 35.06 

0.11043(0.590.61) 

1 35 1,38 
1 ,JJ 1.33 

14 5915.40 
A ^ ,u ^ 14.69 

14 ' 52 !fj 2 

2661.99/1584 

Ind 

0656580601 

2ME2PL 

- 

46.28^ 

0 02 0,40 (0 61 0,63 1 
U,UZ 0.01 '• U,O 1 0.59 7 

1 31 1,33 

q 499.69 
y ’ d 9A3 

4°.°8£ 7 5 

2193.02/1090 

SMFO 

All ( Chandra ) 

2ME2PL 

- 

39.70^647 

0.14 0 ; 22 7 ( 0. 7 2 0;*4) 

0 6 3 0,73 t 
0.53 1 

1 86 703 

5 70 7,20 
J,/w 4.42 

1114.28/673 

SMF2 

0111240101 

2ME2PL 

- 

42 -56f3;?7 

o ( 0 -<O 

1 34 1,37 
1,J ^1.31 

14.35|4 : 6* 

15 79 17 - 63 

AJ -' y \A.Q6 

4410.83/2682 


0656580601 






9.48 575 

22 93 25,11 

20 90 

1.2e-255 










1.8e-13 






NGC5643 





Ind 

0140950101 

2ME2PL 

- 

87.0422^48 

0.16045(0.68077) 

0 99 1,42 
yj ' yy Q.6Q 

0 20 0,41 
u,zu 0.20 

l-90a37 3 

35.98/46 

Ind 

0601420101* 

2ME2PL 

- 

oc -a*j51.46 
-^•^25.63 

0 09 0,11 (0 59 0,63 ) 
u,u ^0.08 '' U,J ^0.5F 

L51 !S 

0 4l 0 - 63 
U, ^ A 0.41 

2 - 81 iio 

184.91/139 

SMFO 

All 

2ME2PL 

- 

44 65 68,03 
^ ,UJ 30.74 

0 11 0,14 (0 61 0,64 ') 
U,AA 0.09 ^ ,ua 0.587 

i-32i ; g| t 

0 43 0,52 
U, ^ J 0.36 

2 26 4,01 
Z,Z ° 1.21 

245.69/197 






MARK 477 





Ind 

0651100301* 

2ME2PL 

- 

9 c co31.53 
z,j.jo 2 oo4 

0.15045 (0.59074) 

1 10 1,48 

1 ’ 1 U 0.71 

0 21 0,36 
u.zi 02 i 

2 ' 89 i:n 

55.96/63 

Ind 

0651100401 

2ME2PL 

- 

29 72 35 - 63 

z?./z 244 i 

o-UftS «- 5 °o:3o) 

1 54 1,94 

1,J j .12 

n 90 O .49 
U.2»o.28 

S. 42 ‘*7* 

50.90/60 

SMFO 

All 

2ME2PL 

- 

27 76 31,89 
• /u 23.92 

0 15 0,17 (0 60 0 69 ) 
U,1J 0.09 '- u,ou 0.337 

1 30 1,58 t 

i.ju im t 

°- 32 a 26 

4 . 8 9*;*4 

122.47/135 






IC4518A 





Ind 

0401790901 

ME2PL 

- 

99 oc25.65 
z,z,.oj ^9 99 

0-<61 


°- 28 a 28 

23.183*4* 

84.82/84 



2ME2PL 

°Xo? 

91 0926.44 
Z1,VZ 19.79 

018 al 2 (°- 71 a«) 

i- 7 2 ?;|g 

0 23 0,76 
^•^023 

15 05 36,19 
iJ,UJ 6.64 

69.71/82 

Ind 

0406410101* 

2ME2PL 

- 

24 65 27,85 
z.h-.uj 2 i 58 

0.09021 (0.65°") 

1 47 L72 
1 , ^ / 1.21 

0 22 0,33 
u,zz, 0.22 

6 05 10,42 

° ,UJ 3.46 

169.18/161 

SMF1 

0401790901 

2ME2PL 

- 

99 9924.52 

^■^19.98 

0 . 160-22 (0 680.76) 

L50 !:29 

0 27 0,31 
u,z/ 0.22 

10.29^68 

258.87/254 


0406410101 




ESO 13 8 -GO 1 



c 099 .O 8 
J, ^3.83 

5.2e-26 


24 



















Hernandez-Garcfa et al.: X-ray variability of Seyfert 2s 


Table A.2. (Cont.) 


Analysis 

ObsID 

Model 

Nm 

Nh2 

kT 

r 

Norm\ 

Norm2 

X~ Id.o.f 






keV 


(10- 4 ) 

ao- 4 ) 

F-test 

a) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

GO) 

Ind 

0405380201* 

ME2PL 

- 

31 4335.98 
-^27.61 

0 71 0 - 78 

7 1 0.65 

7012.40 
* mJ1 2.21 

1 70 1-94 
1-/u 1.70 

38-7411:17 

287.95/174 

Ind 

0690580101 

ME2PL 

- 

25.88*“ 

0 71 0 - 84 

7 A 0.66 

2 60 2-71 
z..uu 24 9 


40 qq66.24 
39.89 

211.76/126 

SMFO 

All 

ME2PL 

- 

29.82^6 

0 71 0-77 

7 A 0.68 

2 42 2 - 50 t 
^•^2.35 ' 

i-85l:ll 

43.38H:11 

521.97/310 






NGC6300 





Ind 

10292* 

2PL 

o oo 0-42 
U-UU 0.00 

14-06}!f 4 

- 

0 77° " 

7 7 0.42 

0 12 016 
U-1Z 0.08 

17 -5iilil 

145.61/131 

Ind 

10293 

2PL 

- 


- 

1 48 1-69 

1.HO1 07 

0 13 017 
U,AJ 0.10 

76 69 113 :25 

/0-0y 35.41 

130.28/121 

Ind 

0059770101 

2PL 

- 

25 41 29 - 69 

21.70 

- 

2 19 2 - 65 
Z-1 ^1.78 

0 02 002 
U-UZ 0.01 

5 64 13-89 
J-U ^2.52 

29.26/35 

SMFO 

All 

2PL 

- 

16 46 1785 
1U- ^ U 15.32 

- 

1 02 1-26 
A-VAZ, 0.86 

0 12 015 
u-AZ o.io 

32 70 5116 
/u 24.19 

304.19/260 






NGC7172 





Ind 

0147920601 

ME2PL 

0 oo 0 05 

u-uu o.oo 

8 45 8 - 81 

° -H a.i2 

0 35 0 - 57 
u.jJq.27 

1 52 1-58 

A - J ^1.44 

0 23 0-33 
U ^ J 0.23 

61.18®- 

655.26/682 

Ind 

0202860101 

ME2PL 

- 

0 7^9.02 

7 5.48 

0-2°ai7 

1 56 1-62 
A-JD 1.50 

0 30 0-34 
U.JU 027 

57.43™- 

943.47/1046 

Ind 

0414580101* 

ME2PL 

- 

8 34 8-50 

0-28°:?> 

1 65 1-68 
a ' uj 1.61 

0 31 0-39 
U-Ji 0.31 

152 90 162 - 22 

1482.81/1454 

SMFl 

0147920601 

ME2PL 

- 

8-431J? 

0 26 0-31 

U-ZO 0.24 

1 61 163 

1 ' Ui 1.58 

0 30 0-32 
U-JU 0.28 

70 73 74 - 30 
/U - /J 67.35 

3198.23/3200 


0202860101 







66 95 70 - 30 
UU- * J 63.78 

0 


0414580101 




NGC7212 



145 45 152.64 


Ind 

0200430201* 

2ME2PL 

- 

118.96^ 7 

°- 16 an W.66«; 7 1) 

0 64 0-91 
U-O ^0.39 

0 15 0 - 25 

U-1J 0.15 

1 498.63 

A -^0.28 

57.77/46 

Ind 

4078 

2ME2PL 

- 

34 50 46 - 59 
^•^28.60 

O-Ol^oo (0-49°;«) 

1.22]:?? 

0 19 0 - 24 
U-1 ^0.19 

2 66 7-05 
z -°°0.94 

45.19/19 

SMFO 

All(+ring) 

2ME2PL 

- 

81.67?f 5 f 

0 12 017 CO 59 a66 ) 
U-iZ 0.08 v u - J “o.52 7 

°-80 a57 t 

°- 17 l:S 

1 43 2-92 

1 0.62 

106.34/77 






NGC7319 





Ind 

789 

ME2PL 

- 

39 n48.43 
Jy ' ll 33.65 

0-85(5:73 

1 29 220 

1 79 

oo8l:il 

4 42 52 - 91 
^•^4.42 

47.441/31 

Ind 

7924* 

ME2PL 

- 

46-06 «;?* 

0-651- 

2 03 2 ' 25 

Z - UJ 1.79 

0 19 0-22 
U-iy 0.16 

40 65 10-32 
^ U-OD 40. 6 5 

187.45/141 

Ind 

0021140201 

2ME2PL 

- 

51-88&S 

0.18»-(0.63l«) 

1.35!:“ 

0 12 018 
U-AZ 0.11 

7 1 ^713.38 

7 ‘ 17 3.79 

263.86/213 

SMF2 

789 

ME2PL 

0 65 0-99 
0.36 

46-87^;™ 


2 - 03 ul 

0 19 0 - 22 
u ' a ^0.17 

41 72 70-42 
^ i- 7Z> 29.64 

240.07/193 


7924 


- 





R7 113.69 
67-87 49.42 

1.5e-18 










1.3e-9 


Notes. (Col. 1) kind of analysis performed, where Ind refers to the individual fit¬ 
ting of the observation, SMFO is the simultaneous fit without varying parametes, 
SMF1 is the simultaneous fit varying one parameter and SMF2 is the simul¬ 
taneous fit varying two parameters, (Col. 2) obsID, where the * represents the 
data that are used as a reference model for the simultaneous fit, (Col. 3) best-fit 
model, (Col. 4, 5, 6, 7, 8 and 9) parameters in the model, where N H are in units 
of 10 22 cm~ 2 , and (Col. 10) x 2 Id.o.f and in SMFx (where x = 1,2) the result of 
the F-test is presented in the second line. 

t The spectral index at hard energies is reported in Table lA.7l for Compton -thick 
candidates. 


Table A.3. X-ray luminosities. 





Individual 

Simultaneous 

Name 

Satellite 

ObsID 

log(L(0.5-2 keV)) 

log(L(2-10 keV)) 

log(L(0.5-2 keV)) 

log(L(2-10 keV)) 

(i) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

MARK 348 

XMM-Newton 

0067540201 

43 01 43-03 
^ J - U1 42.98 

43 41 43 - 41 

^•^ 1 43.40 

4301 «:99 

43 40 43-41 
-^43.40 


XMM-Newton 

0701180101 

42 47 42 - 50 
'42.44 

42 89 42-91 
^•°^42.88 

42 50 42 - 52 
^• JU 42.49 

42 - 90 «:g9 

NGC424 

XMM-Newton 

0002942301 

41 70 41-72 
^ 1-/u 41.68 

42 01 42-07 
^• U1 41.93 

41 7441.26 
^ 1-/ ^41.72 

41 -8711:8? 


XMM-Newton 

0550950101 

41 95 41 - 95 
* l - yj 4\.94 

42 OO 42-01 
^• uu 41.99 




Chandra (2") 

3146 

42 02 42-06 

^z.uz.41 97 

41 9141.97 
^ A- ^ A 41.83 

41 74 41 - 76 
^ i- '^41.72 

41 R4 4 l.89 

4 * 1.5441 79 


Chandra (20") 

3146 

42 OO 42-04 
^• uu 41.95 

41 9442.01 
^ A -^41.86 



MARK 573 

Chandra (2") 

7745 

42 02 42-06 

^z.uz.41 gg 

41-69U- 

41 65 41-72 

^ 1-UJ 41.56 

41 54 41 - 59 


Chandra (20") 

7745 

42 19 42 - 21 
^ z,-i ^42.17 

41 - 87 «J 6 
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Hernandez-Garcla et al.: X-ray variability of Seyfert 2s 


Table A.3. (Cont.) 


Individual 


Simultaneous 


Name 

Satellite 

ObsID 

log(L(0.5-2 keV)) 

log(L(2-10 keV)) 

log(L(0.5-2 keV)) 

log(L(2-10 keV)) 

(i) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(V) 


Chandra 

13124 

41 94 41 - 98 

HA **^41.89 

Al 994 I. 8 O 
^ A ' /-Z> 41.66 

41 64 41,71 
^ 1-U ^41.55 

41 54 41 - 59 


XMM-Newton 

0200430701 

42 23 42-25 

41 61 41 ' 66 
^ 1-U1 41.55 



NGC 788 

XMM-Newton 

0601740201 

42 23 42-25 
^•^42.21 

42 67 42 - 70 
^• u ' 42.64 

42 11 42-17 

11 42.04 

42 63 42 - 66 

HZ.UO 42 60 


Chandra (3") 

11680 

41 - 70 1 !:s 6 

42 59 42 - 71 

hz.j^4242 

42 11 42 17 

42.04 

42 59 42 62 

HZ.J? 42 56 


Chandra (20") 

11680 

41.8lJi$ 

42 70 42 - 82 
^ Z-/u 42.55 



ESO417-G06 

AMM-Newton 

0602560201 

49 ^q42.66 

42 50 42 - 52 

HZ.JU 4248 

42 46 42-59 
HZ.HO 4226 

42 50 42 - 52 

hz.ju 42 48 


AMM-Newton 

0602560301 

49 9q42.44 

74233 

42 51 42 - 53 

HZ. J I 42 49 

42 46 42-62 

HZ.HO 4221 

42 50 42 - 52 
hz.ju 424 8 

MARK 1066 

XMM-Newton 

0201770201 

41 '7 9 41 77 

41 75 41 - 80 
^ i-/J 41.70 

4 1 40 41 - 42 
^ a -^ u 41.38 

41 4441.53 

HA -^41.33 


Chandra (3") 

4075 

41 -«J!S 

41 55 41 - 73 
h a - jj 41 .21 

41 39 4141 
* l ‘ Dy 4\.31 

41 42 4L49 
^ A -^41.32 


Chandra (20") 

4075 

41 - 90 tlM 

41 02 4119 

h a .uz 40 72 



3C98.0 

XMM-Newton 

0064600101 

43-28 

4 2.91«;g 

43 1443.30 

hj. a h 4 2 87 

42 - 92 «:s9 


XMM-Newton 

0064600301 

43 1 5 43 - 29 

J 42.96 

41( KiA 

43 12 43-29 

hj. a z 4 2 83 

42 - 68 £« 


Chandra (2") 

10234 

42.67«;80 

42 61 42 - 70 
^• U1 42.48 




Chandra (20") 

10234 

42 - 81 £?6 

42 -KI?n 



MARK 3 

AMM-Newton 

0111220201 

49 2Q42.30 
• *42.29 

42 - 8 ^ 

42 35 42-36 

HZ.JJ 4235 

Al 8742.88 
42 - 87 42.86 


AMM-Newton 

0009220601 

42 16 42 - 17 
^• ad 42 .14 

42 73 42 - 77 
hz./ o 42 70 

42 24 42-24 

HZ.ZH 4223 

49 7442-76 
^“•'^42.72 


AMM-Newton 

0009220701 

42 03 42 - 05 
^•^ 42.01 

42 66 42 - 71 

HZ.UU 42 61 

42 22 42-23 
HZ.ZZ 42 22 

49 73 42 - 75 

2.70 


AMM-Newton 

0009220901 

4 1 76 41-79 
^ ’ /u 41.72 

42 52 42,59 

HZ. JZ 42 43 

42 23 42-24 

HZ..Z.J 4223 

49 74+2.79 


AMM-Newton 

0009220401 

42 09 42 ' 11 
^ Z-U *42.07 

49 7942.76 

^• /z 42.67 

42 21 42-22 

hz.z a 422i 

49 71 42.74 
' G 2.68 


AMM-Newton 

0009220501 

42 ll 42-12 

^.114209 

42 65 42 - 68 

^■ QJ 42.62 

42 22 42,22 

HZ.ZZ 4221 

49 79 + 2.75 
^“■'^42.70 


AMM-Newton 

0009221601 

42 04 42 - 07 

42 72 42 - 79 
^ Z-/Z 42.63 

42 20 42 ' 20 

HZ.ZU 42.19 

49 7()42.74 
^“■' u 42.65 

MARK 1210 

Chandra 

4875 

42 25 42 - 29 
^•^ 42.21 

42 - 69 «:« 

42 1 9 42 - 20 
•^42.18 

42 -6 7 tlS 


Chandra 

9264 

42 36 42 - 45 
HZ 004224 

42 - 87 «:?3 

42 40 42 ' 41 

hz.hu 42 38 

42 - 88 «:s5 


Chandra 

9265 

42 89 42,94 

0^42 84 

43 02 43 - 19 

HJ.UZ 4274 

42 41 42 - 43 
hz.h i 42 40 

42 90 42 - 93 

HZ.VU 4286 


Chandra 

9266 

41 43 41 - 52 
-^41.33 

42 60 42 - 62 

HZ.OU 42 gs 

42 33 42 - 34 
^• JJ 42.3l 

42 - 81 «97 


Chandra 

9268 

42.57«;« 

42 - 77 «:l 

42 22 42 - 24 

HZ.ZZ 42 21 

49 7()42.74 
^“- ,U 42.66 

NGC 3079 

Chandra (4") 

2038 

39-58^ 

39.82H™ 




Chandra (25") 

2038 

40.02 4 °;‘° 

40.07 4 °;‘ 4 




XMM-Newton 

0110930201 

39.88 3 «“ 

40 - 08 ^ 



IC 2560 

XMM-Newton 

0203890101 

40 72 40 - 73 

^u. / z 407 i 

41 12 41-14 
^ 1-iZ 41.09 

40 57 40 - 58 
^ u ‘ J/ 40.56 

41 05 41-08 

H 1 .UJ 41 03 


Chandra (3") 

4908 

40 48 40 - 53 

^.-+04044 

40 95 4102 

hu.^j 40 87 

40 56 40 - 57 

HU.JU 40 55 

41 Ol 41-04 
^ 1-U1 40.99 


Chandra (20") 

4908 

40 61 40 64 

HU,OA 40.57 

41 01 4108 

Hi.Ul 4 o93 



NGC 3393 

Chandra (5") 

4868 

41 63 41 - 65 
^ a - d:> 41.61 

41 9q41.40 
^ a ’^41.14 

41 64 4L65 
^ a - u ^41.63 

41 29 41-32 

Hi-z^i 25 


Chandra (20") 

4868 

41 59 41 - 61 
^ i-J *41.57 

41 - 28 «:n 




Chandra 

12290 

41 -65^1;S 

1129 :;!-; 

41 64 4165 

^ a - u ^41.63 

41 29 41-32 
^ A -^41.25 


XMM- Newton 

0140950601 


41 ?1 41 - 37 
^ i-Z,A 40.97 



NGC 4507 

AMM-Newton 

0006220201 

42 79 42 - 79 

hz. / “ 42 78 

43 - 12 «:l 2 

42 55 42 - 56 

HZ.JJ4255 

43 05 43-06 
^ J-UJ 43.05 


AMM-Newton 

0653870201 

42 16 42 ' 17 
^z- 10 42 .15 

42 - 82 lI:l? 

41 1941.20 
^ a - a *41.19 

42 34 42 - 35 

HZ.JH4233 


AMM-Newton 

0653870301 

42 20 42 - 21 

HZ.ZU 42 19 

42 - 87 «:s5 

42 40 42 - 40 

HZ.HU4239 

42 90 42-91 
HZ. 7 U 42 ss 


AMM-Newton 

0653870401 

42 04 42 - 05 

HZ.WH4203 

42 - 81 «S 

41 06 4106 
h a - uu 41 .05 

42 39 42 - 40 
hz. J 742 37 


AMM-Newton 

0653870501 

42 20 42 - 21 

HZ.ZU42 i8 

42 84 42 - 85 
hz. oh 42 82 

41 1941.20 

H A - A ?41 19 

42 35 42-37 

HZ.JJ 42 34 


AMM-Newton 

0653870601 

41 65 41 - 69 

^ A - UJ 41 61 

42 61 42 - 72 
HZ “ U1 42.45 

41 1941.20 
h a - a ^41.19 

42 .33 «; 37 


Chandra (2") 

12292 

42 21 42-23 
HZ..Z .14220 

42 99 43 01 

HZ ' 77 42.97 




Chandra (30") 

12292 

42.24%% 

43 07 43 09 

43.05 



NGC 4698 

AMM-Newton 

0112551101 

40.00 4 °;° 3 

39 97 42 - 91 
jy ' y, 39JS 

40 14 40 - 17 
hu. a h 40 12 

40 - 08 taM 


AMM-Newton 

0651360401 

40 22 40-24 

HU.ZZ40 19 

40 16 39:fl 

40 14 40 - 17 
^ u,1 ^40.12 

4 0 - 08 4 am 

NGC 5194 

Chandra 

1622 

39 25 39-34 
Jy -^39A5 

90 oo39.12 

J0.0O38 33 

39 5339.54 
J ^ ,JJ 39.52 

39 51 39 54 

J7.JI3948 


Chandra (2") 

3932 

39 30 39 35 
J ^ ,JU 39.25 

39 21 39 - 32 
Jy -^ L 39.01 

39 5339.54 
^• JJ 39.52 

39 51 39 54 

j 7 .ji 39 48 


Chandra (25") 

3932 

40 26 40-28 

HU.ZU4024 

39 64 39 74 

J7.UH39 50 




Chandra 

13813 

39 26 39-27 

J7.ZU3924 

39 34 39 41 

j7.jh 39 26 

39 53 39 - 54 
J7,JJ 3 9 .52 

39 51 39-54 

j 7 .ji 394 8 
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Hernandez-Garcia et al.: X-ray variability of Seyfert 2s 


Table A.3. (Cont.) 





Individual 

Simultaneous 

Name 

Satellite 

ObsID 

log(L(0.5-2 keV)) 

log(L(2-10 keV)) 

log(L(0.5-2 keV)) 

log(L(2-10 keV)) 

(i) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 


Chandra 

13812 

40 33 40 36 

^••^40.29 

40 39 40 - 51 
h-u.j^ 40 23 

39 5339.54 
J 7 .JJ 3952 

39 51 39 54 

39.48 


Chandra 

13814 

aq C 739 . 6 O 

Jy " } ‘ 39.55 

39 46 39 - 56 

Jy ‘^^39.34 

39 5339.54 
J 7 .JJ 3952 

39 51 39 54 
J7-J1 39.48 


Chandra 

13815 

30 7q39.84 

Dy ' ' y 39.15 

395839 ;™ 

39 53 39 - 54 
J7,JJ 39.52 

39 51 39 54 

j7.ji 39 48 


Chandra 

13816 

40 32 40 - 35 

40.41«Jf 

30 5339.54 
J7-JJ 39.52 

39 51 39 - 54 
Jy - JL 39.4S 


XMM-Newton 

0112840201 

39 46 39 47 

Jy 39.45 

39 66 39 67 
Jy -w 39.65 



MARK 268 

XMM-Newton 

0554500701 

41 ?9 41 - 34 
^ A ‘**41.22 

43 54 43 60 

-+J.J-+43 48 

41 45 41 - 48 

41.41 

42 Q9 42 - 98 
^ z - yz 42.84 


XMM-Newton 

0554501101 

41 39 41 - 42 

41.37 

43 49 4 3.44 
^'^ Z 43.40 

41 27 4L30 
^ a,z/ 41.24 

42 92 42 - 98 
^ Z-yZ 42.84 

MARK 273 

XMM-Newton 

0101640401 

42 71 42 - 73 
- ' 1 42.68 

42.83«S 

41-40 2$ 

42 20 42 - 24 

-tz..z.u 42 16 


Chandra (4") 

809 

43 20 43 - 24 

HJ.Z.U 4316 

43-06«; 3 ‘ 

41.28 4 !; 3 » 

42 37 42 - 41 
'42.33 


Chandra (20") 

809 

42 Q7 43 00 

42.95 

43 0 3 43 12 

42.93 



Circinus 

Chandra 

365 

70 go40.06 

j^.7°39 88 

40 76 40 - 81 

m-u. / o 40 70 

39.80»; 32 

40 60 40 - 61 

‘tu.uu4Q.59 


Chandra 

9140 

40 03 4005 

HO.WJ4002 

40 66 40 67 

^u.uu 40 65 

39.80» : 32 

40 60 40 61 

‘tu.uu 40 59 


Chandra (2") 

10937 

30 no40.00 
■ jy - yo 39.96 

40 76 40-78 

/ o 40 74 

398 O 397 ! 

40 60 40 61 

‘tu.uu 40 59 


Chandra (15") 

10937 

40 7Q40.40 

-+u.j^40 3 8 

40 96 40 - 98 
^ U - yO 40.94 




XMM-Newton 

0111240101 

40 49 40 - 49 
w,w 40.48 

40-71^1 

40 50 40 - 50 

-+U.JU4050 

40 74 40 - 74 
'^40.73 


XMM-Newton 

0656580601 

40 66 40 66 

-+U.UU4065 

40.83 4 “ 4 

40 51 40 52 
^ U,J1 40.51 

40 76 4077 

-tu. 'U40 76 

NGC5643 

XMM-Newton 

0601420101 

4I):S 

40 84 40 - 88 

-tu. °^40 80 

40 44 40 - 47 

-+u. i + t +40 42 

/in Q7 4 0.90 

40.o7 40 84 


XMM-Newton 

0140950101 

40-38^ 

40 98 4104 
* uy °40.91 

40 44 40 - 47 
* u -^40.42 

A (\ 0740.90 

40 .0 '40 84 

MARK 477 

XMM-Newton 

0651100301 

42 54 42 - 56 

H-Z.J^42 51 

43 06 43 11 
^• uo 43.01 

42 60 42 - 62 

-+Z.UU4258 

43 ll 4316 

1 a 43.06 


XMM-Newton 

0651100401 

42 94 42 - 97 

^z.^429i 

43 21 43 - 2 
^• Z1 43.16 

42 60 42 - 62 

‘+z,.uc»42 58 

43 ll 4316 
^• aa 43.06 

IC4518A 

XMM-Newton 

0401790901 

42 33 42 - 35 

42 57 42 - 59 
^ Z-J ' 42.54 

42 17 42 - 19 

HZ ' A '42.14 

42 56 42 59 
^ Z-JU 42.52 


XMM-Newton 

0406410101 

41 92 41 - 95 
* A ' yz 41.89 

42 36 42 - 38 
^■ JU 42.33 

41 95 41 - 97 

1 + a -^41 92 

42 33 42 - 36 

^.^^4230 

ESO 13 8 -GO 1 

XMM-Newton 

0405380201 

42 23 42 - 24 

-t-z.-z.j42.22 

42 12 42 - 14 
^ Z-iZ 42.10 

42 23 42 - 25 
• J 42.22 

42 ll 4213 


XMM-Newton 

0690580101 

42 29 42 - 30 

-+z,.z,^4227 

42 05 42 ’ 07 

^ Z,UJ 4 2.02 

42 23 42 ‘ 25 

-+Z..Z.J 42 22 

42 ll 4213 

HZ> 11 42.09 

NGC6300 

Chandra (2") 

10292 

41 05 4115 

1+1 -^40.91 

4 1 92 41 - 96 
^ A, * z 41.88 

A] 71941.40 

^ A ”^41.23 

41 95 41 - 98 

^ A -” J 41 93 


Chandra (20") 

10292 

41 i7 4 i-30 
^ A-A '40.98 

41 96 4201 
4A - yo 41.91 




Chandra 

10293 

4 1 64 41 - 75 
i+1 -° i+ 41.48 

42 01 42 06 
HZ * UA 41.95 

41 -3941.40 
^ a - jz 41.23 

41 95 41 - 98 
* l - yj 4\.93 


XMM-Newton 

0059770101 

40 44 4052 
^•^*40.35 

40 45 40 - 48 

^0.^40 41 



NGC7172 

XMM-Newton 

0147920601 

42 30 42 - 32 
-+z,.ju 4 228 

42 67 42 - 68 

HZ,U '42.67 

42 35 42 - 36 

^.jj 4 233 

42 67 42 - 68 
^ z,u '42.67 


XMM-Newton 

0202860101 

42-30«;li 

42 66 42,66 
^ z -°°42.65 

42 32 42-33 

h-z,.jz, 4 2 3i 

42 65 42 - 65 
^ z - dj 42.64 


XMM-Newton 

0414580101 

42.6S&® 

42.98 4 || 

42 66 42 67 

-+Z..UU 42 65 

42 98 42 - 98 
^ z -^°42.98 

NGC7212 

XMM-Newton 

0200430201 

41 65 41 ' 68 
* 1,UJ 41.62 

42.58 42 : g 

41.81 «;* 4 

42-63 42 ;® 


Chandra (3") 

4078 

42 04 42 - 08 

-+Z..U-+42 00 

42 48 43 - 38 

-tz..-+°42 45 

41.80 4 !; 34 

42-58 


Chandra (20") 

4078 

42.06^ 

42-48«| 7 



NGC7319 

Chandra 

789 

42.68«;g 

42-82«" 

42-88 4 ^ 

42-87«g 


Chandra (3") 

7924 

43 03 43 ' 07 

42 99 

43.06 43 ;' 2 

43-09«ii 

43.08 43 : >“ 


Chandra (20") 

7924 

43 3l 43 - 33 
^• J1 43.28 

43.15 43 ;1! 




XMM-Newton 

0021140201 

42 10 4212 
^• 1U 42.09 

42.58 42 ;“ 




Notes. (Cols. 4 and 5) soft and hard intrinsic luminosities for individual fits, 
and (Cols. 6 and 7) soft and hard intrinsic luminosities for simultaneous fitting. 
Blanks mean observations that are not used for the simultaneous fittings. 
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Table A.4. Results for the best fit of the annular region (ring) in Chandra data, 
and the best fit obtained for the nucleus of XMM-Newton data when the contri¬ 
bution from the annular region was removed. 


Name (obsID) 

Region 

Model 

N a 

iy H 1 

N a 

iy H2 

kT 

r 

X 2 r 

log(L so ft) 

logiLhard) 

Cont. 






(keV) 



(0.5-2 keV) 

(2-10 keV) 

% 

a) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 

(9) 

( 10 ) 

al) 

MARK 573 (7745) 

Ring* 

ME2PL 

- 

75 90 16034 

' J ‘^26.64 

0 67 0 75 
u - u/ 0.57 

3 - 863 .64 

1.97 

43.12 

42.01 

24 

MARK 573 (0200430701) 

Nucleus** 

2ME2PL 

- 

9 82 18 - 25 
^• oz, 5.83 

0 15 018 (0 76 0 - 86 ) 

u - iJ o.i4 ^-^o^s 7 

3 -oi!iI 

0.86 

41.88 

41.34 

- 

MARK 1066 (4075) 

Ring* 

PL 

°- 21 o:oo 

- 

- 

3.99 4 : “ 

1.40 

39.65 

39.26 

8 

MARK 1066 (0201770201) 

Nucleus** 

ME2PL 


C7 7t1 10.46 
'28.95 

0 76 087 
/u 0.61 

2 OO 236 
^ ,uu 1.50 

0.78 

41.61 

41.67 

- 

3C 98.0 (10234) 

Ring* 

ME 

15.78 22 ,} 7 

- 

3 99° 

J ' yy l.24 

- 

4.30 

41.58 

41.65 

8 

3C98.0 (0064600301) 

Nucleus** 

MEPL 

0 72 0 - 94 
u -'n).52 

6 - 98 445 

0 17 0 - 21 

A x 0.11 

0 99 1 - 61 
u ' yy 0.43 

0.72 

42.93 

42.67 

- 

NGC3079 (2038) 

Ring* 

MEPL 

0 01 024 
u - WA o.oo 

°-° 7 oio 

0 65 0 69 
U-UJ 0.61 

2 16 275 
Z ” AU 1.76 

0.91 

39.92 

39.63 

78 

NGC3079 (0110930201) 

Nucleus** 

MEPL 

0 59 1 - 82 

- 

0 23 0 - 28 
U ' Z , J 0.20 

‘■24^ 

1.04 

40.36 

41.92 

- 

IC 2560 (4908) 

Ring* 

MEPL 

- 

0 OO 218 
u - uu o.oo 

0.29»; 4 ; 

0 - 82 a28 

1.56 

39.22 

39.62 

11 

IC 2560(0203890101) 

Nucleus** 

2ME2PL 

- 

Q4 44 - 73 

^26.02 

0.09»;«? (0.6O 

1 52 9 1.60 

a -^1.03 

1.14 

40.61 

41.08 

- 

NGC3393 (4868) 

Ring* 

MEPL 

0 15 034 
u - AJ o.oo 

°- 03 aoo 

0 19 031 
U - A ^0.08 

9 92 3 - 70 
z.^232 

1.35 

41.02 

39.85 

17 

NGC3393 (0140950601) 

Nucleus** 

2ME2PL 

- 

21.98^ 8 

0 09°- 11 (0 59 0,62 ) 

u-u ^0.08 ^ U - Jy 0 . 54 ' 

1 19 1 - 69 

1 ’ 1 ”0.72 

1.08 

41.10 

41.11 

- 

NGC4507 (12292) 

Ring* 

ME2PL 

- 

66 3 5 82 - 45 

0 77 0 - 87 
u -' ' 0.64 

2.40 2 ; 77 

1.40 

40.48 

41.44 

13 

NGC4507 (0653870401) 

Nucleus** 

2ME2PL 

- 

37 -« 

0 15 017 10 69°- 77 ) 

u - aj 0.14 lu,w 0.64 1 

°- 58 a36 

1.06 

41.71 

42.66 

- 

NGC 5194 (3932) 

Ring* 

ME2PL 

0 ll 015 
u - 11 0.031 

H-18^8 1 

0.57»;« 

3 - 78 a“ 

1.34 

40.74 

39.69 

91 

NGC5194 (0112840201) 

Nucleus** 

2ME2PL 

3 10.37 

J '^°0.06 

106.33™' 26 

0.15«;«(0.690; 7 f) 

3 - 44 S 

0.92 

41.70 

40.75 

- 

MARK 273 (809) 

Ring* 

MEPL 

0 00°' 11 
u - uu o.oo 

0 oo 011 

u - uu o.oo 

o.«gS 

2 65 3-44 
z.oj 240 

1.27 

41.05 

40.78 

31 

MARK 273 (0101640401) 

Nucleus** 

2ME2PL 

- 

55 97 78 - 04 
JJ - y ' 40.39 

0.26»;«(0.80i“) 

1 39 L74 
a ‘ j ”0.98 

1.25 

42.23 

42.68 

- 

Circinus (10937) 

Ring* 

ME2PL 

- 

123.38^° 7 24 

°^° 0 m 

1 0 1 2.08 

1-^1 1.74 

1.05 

40.18 

40.30 

28 

Circinus (0656580601) 

Nucleus** 

2ME2PL 

- 

39 57 44 - 55 
'35.25 

0-0«.(0-58^) 

141 1 - 49 

a, ^ a 1.34 

1.68 

40.49 

40.72 

- 

NGC 6300 (10292) 

Ring* 

ME 

56 21 83 " 

ju.zi 4 223 

- 

0 70 1,09 

/ u 0.59 

- 

2.00 

40.00 

40.74 

5 

NGC 6300 (0059770101) 

Nucleus** 

2PL 

- 

32 45 37 - 86 

^•^27.67 

- 

2 52 2 - 98 

z.07 

0.85 

40.84 

40.58 

- 

NGC 7212 (4078) 

Ring* 

PL 

0 oo 012 

u - uu o.oo 

- 

- 

2 ll 2 - 88 
^ 11 1.75 

3.08 

40.57 

40.91 

16 

NGC 7212 (0200430201) 

Nucleus** 

2ME2PL 

- 

121 46 39131 
iz,i.‘+o 49 26 

0 17 0 - 22 10 67 0-80 ') 
U - A/ 0.11 ' u,D/ 0.58'' 

°- 37 oao 

1.25 

41.66 

42.72 

- 

NGC 7319 (7924) 

Ring* 

ME2PL 

- 

53 32 93 - 89 

jo.jz .3039 

0 61 0 69 
U - O1 0.52 

3 - 34 M4 

0.68 

42.72 

41.93 

17 

NGC7319 (0021140201) 

Nucleus** 

2ME2PL 

- 

49 09 42 28 

^"■ U5 56.28 

0 33 016 10 73 0 - 62 ') 
u ‘ JJ 0.41 '' U ‘' J 0.84' 

0.93°;« 

1.23 

41.75 

42.78 

- 


Notes (Col. 1) name and obsID in parenthesis, (Col. 2) extracted region, (Col. 3) 
best-fit model, (Col. 4, 5, 6, 7 and 8) parameters of the best-fit model (“ n units of 
10 22 cm~ 2 .), (Col. 9 and 10) soft and hard intrinsic luminosities, and (Col. 11) the 
percentage of the number counts contribution from the ring to the r ext aperture 
Chandra data in the 0.5-10.0 keV band. 

*Spectral parameters of the annular region in Chandra data. 

**Spectral parameters of the nuclear region in XMM-Newton data when the spec¬ 
tral parameters of the ring from Chandra data are included in the fit. 
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Table A.5. Simultaneous fittings taking into account the contribution from the 
annular region given in Table lA.4l 


ObsID 

Nm 

Nm 

kT 

r 

Norm\ 

Norm2 

X 2 /d.o.f 

log(L so f t ) 

toS&hard) 


( 10 22 cnr 2 ) 

( 10 22 cm- 2 ) 

(keV) 


do- 4 ) 

(10 4 ) 


(0.5-2 keV) 

(2-10 keV) 

( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 

(9) 

( 10 ) 

NGC424 

0002942301 

- 

24 4931.94 
^•^18.65 

0 09 010 (0 67 0-73 ) 
u,u ^ 0.07 '- U - D/ 0.61 > 


0 72 0 88 
0.58 

6 70 1311 

° -/u 3.11 

138.97/103 

41 74 41 - 76 
^ 1 - / ^41.72 

41 - 87 4m 

3146 




NGC 788 




41 7441.76 
^ a,/ ^41.72 

41 'Klj9 

0601740201 

- 

46 61 5135 
W,UA 42.14 

0 11 012 (0 71 0-75 ) 
W-AA 0.09 VU-/1 0.67 7 

128 IS 

0 35 041 
0.29 

12 43 2031 
7.55 

262.36/205 

42 11 4217 
' 11 42.04 

42 63 42 66 
42.60 

11680 




MARK 573 




42 11 4217 

hz,. 11 42 Q4 

42 59 4232 

hz.j^ 42 56 

0200430701 

- 

1 1 40 53 - 26 

1 1 -^ u o.oo 

°-12an (0.71 °$) 

2-67 232 

0 02 0 02 
u-uz o.oi 

0 51 039 
U-J 1 0.43 

198.75/171 

41 75 41/76 
^ A - /J 41.74 

41 41 41.48 
^ A>fi 41.31 

7745 




MARK 1066 




41 71 41/73 

^ A - ' 1 41.70 

41 4o 4 1-49 
ha,hu 41.30 

0201770201 

0 12 0-24 
U-1Z 0.03 

O'-) 9q175.04 
° 2- ^45.83 

0.68 ™ 

2 . 02 2 - 2 ® 

0 53 0 71 
U-JJ 0.40 

7 j j 25.58 
' ‘ 1 a 2.23 

96.11/69 

41 40 41-42 
ha -^ u 41.38 

41 4441.53 

4075 




3C98.0 




41 3941.41 

41 42 41 - 49 
* A *^41.32 

0064600301 

0 45 061 

6 14 7 - 46 
U- 1 ^4.99 

0 - 17 a ?2 

0-85i;ig 

9 85 1336 
” -OJ 0.51 

1 25 2-02 

1 -Z,J 0.76 

94.67/73 

42 41 4238 

hz.h a 42 u 

42 64 42-69 

HZ.UH 4258 

10234 




IC 2560 




42 40 4238 

HZ.HW 42 10 

49 cq42.64 
**' Dy 4234 

0203890101 

- 

3 1 42 39-74 
■ 3A -^ z 25.13 

0-09 ao 7 (0-60 0 I 7 ) 

1 90 1.52 
1-28 1.03 

0 12 015 
u-AZ o.io 

0 67 114 

U-O/ 0.38 

387.65/309 

40 57 4038 
^ U-:) '40.56 

41 05 4108 
hi. to 41 03 

4908 




NGC 3393 




40 56 4037 

HU.JU 40 55 

41 01 4104 
^ 1-U1 40.99 

0140950601 

- 

99 09 96.98 
18.88 

0 -l°aS(°-5O 

2 29 2-72 

1.86 

0 35 0 45 
U-JJ 0.26 

2 34 5 - 61 
Z-->+ 1.04 

167.03/141 

41 4441.48 
^ A ^ 41.39 

41 26 4132 

^ A-Z,u 41.19 

4868 




NGC 4507 




41 53 4137 
41.47 

42 76 42-82 
42.69 

0653870401 

- 

41 1943.59 
^ a - 17 38.85 

0 15 017 (0 70 0/76 l 
U-1J 0.14 V u - ' u o.67 ' 

0 66 0-79 
U-UU 0.53 

0 56 0-62 
U-JU 0.50 

6 25 8-45 
U, ^ J 4.58 

784.58/659 

A\ 01 41.82 
41 -° 1 41.80 

42 73 42 - 74 
hz./j 42 71 

12292 




NGC 5194 


13 35 17 - 61 


42 07 42 - 08 
Hz.w /4206 

42 94 42 - 96 

HZ.7H 42 92 

0112840201 

0 10 017 
U-AU 0.04 

197.20 2 f,f 

0.02«;g 2 (0.65«|) 

3-46 I|° 

0 16 0-20 
UAU 0.14 

41 71114.02 
• 1 30.51 

322.54/202 

40 03 40 03 

hu.uo 40 Q2 

39 59 39 62 
jyjy 39.55 

3932 




MARK 273 




39 84 39-75 
~ >y -°^39.92 

39 18 39-24 

jy.io 39 n 

0101640401 

- 

78.85^« 

O Olg if (0.88g;|l) 

1 9 9 1.46 
.17 

0 17 019 
U-A '0.15 

2 . 86 ^ 

193.34/131 

41 40 4139 

42 20 42-24 

HZ.ZV 42 16 

809 


3^-43 


NGC 6300 




4 1.28 4 |i° 

42 37 42 - 41 
^ Z-J/ 42.33 

0059770101 

- 

16 56 1830 

A o.JOi486 


1 07 133 
1-U/ 0.82 

0 Ol 001 
u-UA o.oi 

0 57 0-94 
U-J/ 0.34 

221.55/172 

39 55 39 - 66 

40 23 40-27 

hu.zj 40 19 

10292 




NGC 7212 

0 15 019 
U-AJ 0.11 

97 7 C 6 I.O 2 

J/-/J 23.34 


41 35 41 - 44 

HJ..JJ 4123 

41 0742.00 
^ i-y/ 41.93 

0200430201 

- 

81.67‘ 24 5 f 

0 12 017 10 59 0 - 66 ! 
U-1Z, 0.08 v u - j “q.52^ 

°' 8 ° as? 

0 17 0 - 21 
U-A '0.14 


106.34/77 

41 " 8 ! 4ijg 

4263 

4078 




NGC 7319 




41 ' 80 l!j4 

47-58 42*52 

0021140201 


45 98 48-72 
^°- y 6 43.3l 

0 62 0-65 
U-OZ 0.58 

1'68 149 

0 15 017 
U-iJ 0.13 

10.15‘ 4 8 ® 4 

613.13/364 

42 23 42-25 
Hz.zj 42.22 

42 51 4233 
^ Z-JA 42.49 

7924 






35.6751-54 


42 7742.80 
hz. / / 42 74 

4 3.02«;M 


Notes. (Col. 1) name and obsID in parenthesis, (Col. 2, 3, 4, 5, 6 and 7) param¬ 
eters of the best-fit model, (Col. 8) x 2 /d.o.f, and (Col. 9 and 10) soft and hard 
intrinsic luminosities. 
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Hernandez-Garcfa et al.: X-ray variability of Seyfert 2s 






Energy (keV) Energy (keV) Energy (keV) 


Fig. A.l: For each object, (top): simultaneous fit comparing Chandra and XMM-Newton spectra; (from second row on): residuals 
in units of <x. The legends contain the date (in the format yyyymmdd) and the obsID. The observations used for comparisons are 
marked with c in Table lA.fi 
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Hernandez-Garcfa et al.: X-ray variability of Seyfert 2s 



Fig. A.l: Cont. 



Time (y) 


Time (y) 




Fig. A.2: X-ray intrinsic luminosities calculated for the soft (0.5-2.0 keV, green triangles) and hard (2.0-10.0 keV, red circles) 
energies in the simultaneous fitting, only for the variable objects, when Chandra and XMM -Newton data are compared. 


Table A.6. Statistics of the light curves. 


Name 

ObsID 

Energy 

X 2 M-o.f 

Prob.(%) 

°NXS 

< °NXS > 

at 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

NGC424 

0550950101 

0.5-10(1) 

48.7/40 

84 

<0.0026 

<0.0020 



0.5-10(2) 

13.0/30 

1 

<0.0031 




0.5-2 (1) 

38.8/40 

48 

<0.0034 

<0.0027 



0.5-2 (2) 

17.3/30 

3 

<0.0041 




2 -10(1) 

33.0/40 

22 

<0.0102 

<0.0077 



2 -10(2) 

31.8/30 

62 

<0.0116 


MARK 573 

7745 

0.5-10 

44.4/38 

88 

0.004120.0037 




0.5-2 

34.9/38 

39 

<0.0096 




2-10 

76.0/38 

100 

<0.0710 



13124 

0.5-10 

56.0/40 

95 

<0.0108 




0.5-2 

46.9/40 

79 

<0.0122 




2-10 

50.7/40 

88 

<0.0900 
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Hernandez-Garcfa et al.: X-ray variability of Seyfert 2s 


Table A.6. (Cont.) 


Name 

a) 

ObsID 

(2) 

Energy 

(3) 

X 2 /d-o.f 

(4) 

Prob.(%) 

(5) 

<T ,ivxs 
(6) 

< °%XS > 

(7) 

3C98.0 

10234 

0.5-10 

17.2/31 

2 

<0.0157 




0.5-2 

32.3/31 

60 

<0.2035 




2-10 

17.9/31 

3 

<0.0169 


IC 2560 

0203890101 

0.5-10 

62.0/40 

99 

0.0108 1 0.0043 




0.5-2 

44.5/40 

71 

<0.0156 




2-10 

49.1/40 

85 

<0.0268 



4908 

0.5-10 

48.1/40 

82 

<0.0204 




0.5-2 

60.7/40 

99 

0.01721 0.0140 




2-10 

29.3/40 

11 

<0.0581 


NGC3393 

12290 

0.5-10 

30.2/40 

13 

<0.0109 




0.5-2 

31.3/40 

16 

<0.0127 




2-10 

42.2/40 

62 

<0.0724 


NGC4507 

0006220201 

0.5-10 

35.4/30 

77 

<0.0007 




0.5-2 

25.7/30 

31 

<0.0031 




2-10 

36.4/30 

81 

<0.0009 



12292 

0.5-10 

39.2/39 

54 

<0.0026 




0.5-2 

28.9/39 

12 

<0.0079 




2-10 

47.6/39 

84 

<0.0039 


NGC5194 

3932 

0.5-10 

50.7/40 

88 

<0.0311 




0.5-2 

50.0/40 

87 

<0.0364 




2-10 

42.0/40 

62 

<0.2008 



13813 

0.5-10(1) 

58.7/40 

97 

<0.0568 

0.020910.0190 



0.5-10(2) 

36.2/40 

46 

<0.0379 




0.5-10 (3) 

32.8/40 

22 

<0.0366 




0.5-10(4) 

58.8/40 

97 

0.033510.0185 




0.5-2 (1) 

84.8/40 

100 

0.057210.0330 

0.037310.0289 



0.5-2 (2) 

36.5/40 

37 

<0.0454 




0.5-2 (3) 

31.8/40 

18 

<0.0435 




0.5-2 (4) 

60.0/40 

98 

0.023610.0217 




2 -10(1) 

28.1/40 

18 

<0.2318 

<0.1218 



2 -10(2) 

33.8/40 

26 

<0.2203 




2-10(3) 

30.6/40 

14 

<0.2473 




2-10(4) 

28.9/40 

10 

<0.2716 



13812 

0.5-10(1) 

48.9/40 

84 

<0.0401 

<0.0227 



0.5-10 (2) 

37.9/40 

43 

<0.0382 




0.5-10 (3) 

44.6/40 

72 

<0.0398 




0.5-2 (1) 

44.8/40 

72 

<0.0485 

<0.0273 



0.5-2 (2) 

40.9/40 

57 

<0.0459 




0.5-2 (3) 

40.5/40 

55 

<0.0474 




2 -10(1) 

38.1/40 

45 

<0.2280 

<0.1423 



2 -10(2) 

26.9/40 

6 

<0.2355 




2-10(3) 

24.1/40 

2 

<0.2737 



13814 

0.5-10(1) 

54.5/40 

94 

<0.0440 

<0.0208 



0.5-10 (2) 

36.9/40 

39 

<0.0400 




0.5-10 (3) 

31.6/40 

17 

<0.0403 




0.5-10(4) 

60.1/40 

98 

<0.0422 




0.5-2 (1) 

44.5/40 

71 

<0.0525 

0.019610.0170 



0.5-2 (2) 

49.0/40 

84 

<0.0497 




0.5-2 (3) 

32.7/40 

21 

<0.0491 




0.5-2 (4) 

70.3/40 

100 

0.031010.0222 




2 -10(1) 

23.9/40 

2 

<0.3524 

<0.1471 



2 -10(2) 

22.7/40 

1 

<0.2235 
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Table A.6. (Cont.) 


Name 

a) 

ObsID 

( 2 ) 

Energy 

(3) 

X 2 /d-o.f 

(4) 

Prob.(%) 

(5) 

a2 NXS 

( 6 ) 

< tftxs > 

(7) 



2-10(3) 

28.4/40 

8 

<0.2553 




2-10 (4) 

24.8/40 

3 

<0.3271 



13815 

0.5-10 

27.9/40 

7 

<0.0351 




0.5-2 

25.1/40 

3 

<0.0418 




2-10 

19.4/40 

1 

<0.2777 



13816 

0.5-10 

40.1/40 

53 

<0.0391 




0.5-2 

40.5/40 

55 

<0.0463 




2-10 

28.9/40 

10 

<0.2729 


MARK 273 

809 

0.5-10 

71.8/40 

100 

<0.0155 




0.5-2 

49.1/40 

85 

<0.0287 




2-10 

60.2/40 

98 

<0.0337 


Circinus 

9140 

0.5-10 

48.0/40 

82 

<0.0019 




0.5-2 

32.6/40 

21 

<0.0075 




2-10 

45.5/40 

74 

<0.0025 


NGC7319 

7924 

0.5-10(1) 

30.3/40 

13 

<0.0135 

<0.0093 



0.5-10 (2) 

23.9/40 

2 

<0.0127 




0.5-2 (1) 

48.7/40 

84 

<0.0644 

<0.0451 



0.5-2 (2) 

69.6/40 

99 

<0.0632 




2 - 10 ( 1 ) 

37.2/40 

40 

<0.0170 

<0.0116 



2 - 10 ( 2 ) 

29.5/40 

11 

<0.0158 



0021140201 

0.5-10 

22.8/31 

16 

<0.0051 




0.5-2 

24.1/31 

19 

< 0.0121 




2-10 

17.3/31 

2 

<0.0089 



Notes. (Col. 1) name, (Col. 2) obsID, (Col. 3) energy band in keV, (Cols. 4 and 
5)x 2 /d.o.f and the probability of being variable in the 0.5-10.0 keV energy band 
of the total light curve, (Col. 6) normalized excess variance, cr 2 NXS , and (Col. 8) 
the mean value of the normalized excess variance, < cr 2 NXS >, for each light curve 
and energy band. 


Table A.7. Classification of Compton -thick objects. 


Name 

ObsID 

r 

EW 

FJF[0III] 

Ref . 1 

CT? 

Classification 

r hard 




(keV) 


[O///] 




(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

MARK348 

0067540201 

1 71 180 
1,71 1.64 

0 06 007 
U-UU 0.05 

30.00 

1 

X 

Compton- thin 



0701180101 

1 57 1-79 
A-J/ 1.33 

0 19 0 - 25 
iy 0 .14 

9.06 


X 



NGC424 

0002942301 

1 03 1,90 

1.UJ 0 14 

°- 99 0jt 

1.84 

2 

/ 

Compton- thick 

0 54 L65 
a).09 


0550950101 

0 16 037 
UAD 0.00 

0.87»;» 

1.81 


/ 




3146 

°-°0 nun 

0 55 0 ' 77 
w "'^0.32 

1.46 


/ 



MARK573 

7745 

°- 18 aoo 

2 17 2 - 81 
Z,1/ 1.52 

0.49 

3 

/ 

Compton-thick 

0 50 3 23 
U-JU 0.00 


13124 

°- 88 o:°6 

2 05 235 
^ ,UJ 1.49 

0.41 


/ 



NGC788 

0601740201 

1 59 201 

0 43 049 

341.75 

2 

X 

Compton-thin 



11680 

1 07 2 ’ 61 

i.u/ 0 I? 

0-15^ 

284.26 


X 



ESO417-G06 

0602560201 

1.66 2 ;“ 

0- 18 ao6 

268.01 

4 

X 

Compton- thin 



0602560301 

1 73 217 

A ' /J 1.31 

0 37 a53 

\J.JI 0 22 

268.01 


X 



MARK 1066 

0201770201 

0 46 197 
0.00 

0 60°- 89 
u - ou 0.30 

0.37 

3 

/ 

Compton-thick 

0 31 0 - 76 
^••^o.oo 

3C98.0 

0064600101 

131 167 

l.ji 097 

< 0.07 

10.0 

5 

X 

Compton- thin 



0064600301 

1 41 213 
a ‘^ 1 0.22 

<0.38 

5.89 


X 




10234 

0 67 130 
u.u / 009 

0 16 0 ' 27 
ulu 0.06 

5.01 


X 



MARK3 

0111220201 

0 05 019 
0.00 

0 55 038 
U-JJ 0.52 

0.33 

1 

/ 

Compton-thick 

0 42 062 
U -^ Z 0.23 
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Table A.7. (Cont.) 


Name 

ObsID 

r 

EW 

Fx/Fiom ] 

Ref . 1 

CT? 

Classification 

k'hard 




(keV) 


[O///] 




(i) 

( 2 ) 

(3) 

(4) 

(51 

( 6 ) 

(7) 

( 8 ) 

(9) 


0009220601 

0 36 0 87 
u: ’ 0 0.00 

0 67 0 79 
u - u/ 0.56 

0.24 


/ 




0009220701 

0 03 0 53 
0.00 

0 60°- 73 
u.uu 048 

0.21 


/ 




0009220901 

0 02 105 
0.00 

0 49 0 - 70 
u, ^0.27 

0.15 


/ 




0009220401 

0 01 043 

UUA 0.00 

0 79 0% 
u -' y 0.62> 

0.24 


/ 




0009220501 

0 03 0-48 
0.00 

0 63 0 74 
W-UJ 0.52 

0.20 


/ 




0009221601 

0 01 098 
U * UA 0.00 

1 16 L46 

1 ' 1 u 0.85 

0.24 


/ 



MARK1210 

4875 

1-31^ 

0 13 0 - 20 
u - aj 0.05 

2.97 

1 

X 

Compton -thin 



9264 

0-89j;*s 

0 O 6 012 

u.uOqoi 

4.49 


X 




9265 

l 412.06 
i -^ 1 0.82 

0 12 019 
U - iZ 0.05 

6.34 


X 




9266 

2 03 2 86 

0 10 018 
u,au 0.03 

2.41 


X 




9268 

1 24 207 
A ' ZH 0.51 

0 16° 25 
u - ad 0.061 

3.57 


X 



NGC3079 

0110930201 

i sa 2 - 47 
0.07 

<0.26 

0.31 

1 

X 

Compton -thin 

IC2560 

0203890101 

Q 12 °- 60 
u — z 0.00 

1 95 209 
a '” j 1.79 

7.30 

2 

/ 

Compton-thick 

0 69 1-04 

u '°^0.30 


4908 

<0.77 

‘■ 27 !m 

4.94 


/ 



NGC3393 

12290 

0 55 3-35 
0.00 

1-85?:^ 

0.22 

1 

/ 

Compton-thick 

0 42 0 - 00 
U '^ Z 1.76 


0140950601 

0 95 169 

v.yj 014 

141 178 
A ^ A 1.00 

0.18 


/ 



NGC4507 

0006220201 

i 701.86 

A ' 7 ^ 1.59 

0 20 032 
u.zu 0 19 

33.08 

1 

X 

Compton -thin 



0653870201 

1 44 1/72 
* 1.13 

0'44()39 

16.58 


X 




0653870301 

1 34 1 - 65 
i - z ’^i.oo 

0-38q34 

18.60 


X 




0653870401 

0 91 114 
u -^ a 0.44 

0 46 030 

u, ^°0.42 

16.20 


X 




0653870501 

101 134 
a - ua 0.64 

0 46 030 
u -^ u 0.41 

17.36 


X 




0653870601 


0 43 039 
U ‘^ J 0.28 

10.22 


X 




12292 


0 36 0 40 

u - JO 0.32 

24.52 


X 



NGC4698 

0651360401 

0 91 130 

^ yi 0.49 

<0.46 

9.23 

6 

X 

Compton -thin 

NGC5194 

13812 

0 04 2,21 
U - UH 0.00 

2 75 3 - 26 

z,./j 22 7 

1.47 

1 

/ 

Compton-thick 

0 57 1/74 
u - J/ o.oo 


13813 

0 02 2 - 41 
u - uz 0.00 

4 16 488 

^• ad 3.43 

0.13 


/ 




13814 

0 12 3 25 
U - AZ> 0.00 

4 4i 514 
^ a 3.73 

0.17 


/ 




0112840201 

2-16fil 

0 99 133 
u -^0.75 

0.27 


/ 



MARK268 

0554500701 

1-80 ui 

<0.17 

462.73 

7 

X 

Compton -thin 



0554501101 

1 71 218 
A,/A 1.32 

0-26S:i8 

351.01 


X 



MARK273 

0101640401 

0 01 095 

UUA 0.00 

°- 87 a65 

2.75 

1 

/ 

Changing-look? 



809 

1 69 277 

i-U ”0.78 

0 21 032 
U - Z,A 0.10 

4.67 


X 



Circinus 

365 

0 00 028 

V 0.00 

2.38j jj 

0.39 

1 

/ 

Compton-thick 

o° 7 C:Ao 


9140 

0 12 033 
u,iZ, 0.00 

1 90 1-97 

a -^ u 1.83 

0.31 


/ 




10937 

0 OO 010 
u - uu o.oo 

1 73 L84 
a - /j 1.63 

0.39 


/ 




0111240101 

1 07 113 
A - u/ 1.01 

1 54 136 
a - j ^1.51 

0.35 


/ 




0656580601 

0 49 °- 60 
0.41 

1 50 134 
A - JU 1.47 

0.46 


/ 



NGC5643 

0601420101 

0 04 061 
0.00 

1 37 136 

17 1.18 

0.29 

1 

/ 

Compton-thick 

°- 84 ao9 


0140950101 

0 01 071 
UUA 0.00 

1 37 1-69 
LmJ ' 1.04 

0.37 


/ 



MARK477 

0651100301 

0-93‘;” 

0 32 0 43 
U-JZ U 22 

0.32 

1 

/ 

Compton-thick 

1 02 136 

1 ' uz, 0.59 


0651100401 

0-88 $ 

0 13 0 - 21 
u - iJ 0.05 

0.45 


/ 



IC4518A 

0401790901 

1 71 216 

1 '' 1 1.29 

0 33 0 - 42 

- 

- 

X 

Compton -thin 



0406410101 

1 77 1.60 

A-Z/ 0.94 

0 45 033 
U -^ J 0.38 



X 



ESO138-G01 

0405380201 

0 92 133 
0.52 

0 90 101 
u -^ u 0.78 

23.10 

2 

/ 

Compton-thick 

1 04 138 
i-u ^0.73 


0690580101 

0 97 164 

yj ' y ' 0.58 

1 31 148 
AJ 1 1.10 

19.67 


/ 



NGC6300 

10292 

0 57 0 95 

J ' 0.23 

< 0.08 

361.27 

2 

X 

Compton-thin 



10293 

1 17 169 
1,1 ' 0.90 

<0.08 

444.46 


X 




0059770101 

1 55 211 

1.03 

0 930.34 
U—J 0 .13 

12.24 


X 



NGC7172 

0147920601 

1 61 173 
AUA 1.50 

0 12 014 
U - 1Z 0.09 

853.54 

1 

X 

Compton -thin 



0202860101 

1 co 1.67 
13> ° 149 

0 09 011 
U-U ”0.07 

834.12 


X 
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Table A.7. (Cont.) 


Name 

ObsID 

r 

EW 

FxlF[oui] 

Ref. 1 

CT? 

Classification 

r hard 




(keV) 


1 OI1I ] 




(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 


0414580101 

1 71 1/76 
A,/i 1.66 

0-0888? 

1742.72 


X 


NGC7212 

0200430201 

0 00 0 26 
uuu 0.00 

0.79^ 

3.83 

2 

/ 

Compton -thick 

0-38§£ 


4078 

0 00 2 62 
0.00 

1 00 139 
1UW 0.61 

3.04 


/ 



NGC7319 

789 

1 43 2 - 67 

0 23 0 34 

38.69 

1 

X 

Changing-look? 



7924 

1 89 2 39 
lm ° y 1.52 

°- 23 o:i8 

82.73 


X 




0021140201 

0 23 °- 65 
0.00 

0.83°;» 

22.26 


/ 




Notes. (Col. 1) name, (Col. 2) obsID, (Cols. 3 and 4) index of the power law 
and the equivalent width of the FeKcr line from the spectral fit (PL model) in 
the 3-10 keV energy band, (Col. 5) ratio between the individual hard X-ray lu¬ 
minosity (from Tabic f/Ot and the extinction corrected [O III] fluxes, (Col. 6) 
references for the measure of F\pni\, (Col. 7) classification from the individual 
observation, (Col. 8) classification of the object, and (Col. 9) slope of the power 
law at hard energies for Compton -th ick candidates from the si multaneous anal - 
ysis (see Sect. 1475b . Refer ences: (l)lBassani et all d!999h: (2) iGu et all 12 006): 
(3)lBian & Gd<200711: (4 1 iKraemer et allfoOllh : (5) iNoguchi et all d2009h : (61 
iPanessa & B assani 1 200%: and (7) I Koskil d l 9781) . 
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Appendix B: Notes and comparisons with previous 
results for individual objects 

In this appendix we discuss the general characteristics of the 
galaxies in our sample at different wavelenghts, as well as com¬ 
parisons with previous variability studies. We recall that long¬ 
term UV variability and short-term X-ray variations were stud¬ 
ied only for some sources (six and ten sources, see Tables Q] and 
IA.6I respectively), so comparisons are only made in those cases. 
For the remaining objects, results from other authors are men¬ 
tioned, when available. 


B.1. MARK348 


MARK 3 48, also called NGC 262, is an interacting galaxy (with 
NGC 266. lPogge & Eskridge|1993i) . It was optically classified as 
a type 2 Sey fert (Ko ski 1978) , while i t shows broad lines in po¬ 
larized light (IMiller & Goodrich! 19901) . It shows a spiral nuclear 
structure (see HST image in Appendix 1C. 11 1. VLB I observations 
showed a compact radio core and jets structure at radio frequen¬ 
cies, and reveal ed variations in timesca les from months to years 
at 6 and 21 cm (iNeff & de Bruvnl[l983l) . The XMM-Newton im¬ 
age shows that the soft X-ray emission is very weak in this object 
(see Appendix IC. 1 b . which was classified as a Compton- thin ob¬ 
ject (e.g. JAwaki et al.ll2006l) . 

This galaxy was observed twice with XMM-Newton in 
2002 and 2013 , and once with Chandra in 2010. Recently, 
iMarchese et al.l (12014|) compared XMM-Newton and Suzaku 
data from 2002 and 2008. They fitted the data with a power 
law component transmitted throught three abosrbers (one neutral 
and two ionized), obtaining intrinsic luminosities of log(L(2-10 
keV)) = 43.50 and 43.51, respectively. They reported variations 
attributed to changes in the column density of the neutral and 
one of the ionized absorbers, together with a variation of the 
ionization level of the same absorber, in timescales of months. 
They did not report variations in T and/or the continuum of the 
power law. Variations in the absorbing material in timescales 
of weeks/months were also reported by iSmith et akl (1200 ll) us¬ 
ing RXTE data from 1996-97, but accompained with continuum 
variations in timescales of ~ 1 day. They obtained luminosi¬ 
ties in the range log(L(2-10 keV)) = [42.90-43.53]. These re¬ 
sults were in agreement with those later reported bv lAkvlas et al.l 
(120021) . who analyzed the same observations plus 25 RXTE ob¬ 
servations. Our analysis shows that variations between the two 
XMM-Newton observations are due to changes in the nuclear 
continuum, but variations of the absorbing material are not re¬ 
quired. These differences may be related to the different instru- 
ments_involved in the analyses. 

lAwaki et~aT1 ( 2006 ) did not find short term variations from 
the analysis of the XMM-Newton data from 2002. 

In the 14-195 keV energy band, ISoldi et ail ll()\ 3l) esti¬ 
mated a variability amplitude of 25 [22-28]% using data from 
the Swift/ BAT 5 8-month survey. 


B.2. NGC 424 

NGC 424 was optically classified as a type 2 Seyfert galaxy 
dSmithl 1 19751). and broad lin es have been detected in polar¬ 
ized light dMoran et al.l l2000). At radio frequencies, it was ob- 
served with VLA at 6 and 2 0 cm, showing an extended structure 
(tlJlvestad & Wilson 198 9). A possible mid-IR variability was 
reported by Honig et al.l (120 1 2h between 2007 and 2009, but it 
could also be due to an “observational inaccuracy”. At X-rays, it 
is a Compton- thick source dBalokovic et all2014l) . 


It was observed twice with XMM-Newton in_2008 and 
2011, and once with Chandra in 2002. iMatt et al.l d2003h stud¬ 
ied XMM-Newton and Chandra data from 2001 and 2002. 
Both spectra were fitted with a model consisting on two power 
laws, a cold reflection component (PEXRAV), and narrow 
Gaussian lines. They reported the same luminosity for the two 
spectra, log(L (2-10 keV)) = 41.68, indicating no variations. 
lLaMassa et al.l d201 ll) studied the same data set. They found no 
differences between the spectra and therefore fitted the data si¬ 
multaneously with a simpler model, the 2PL. They estimated an 
intrinsic luminosity of log(L(2-10 keV)) = 41.56[41.39-41.75]. 
With the same data set we did not find variations and obtained 
similar hard X-ray luminosities (41.85[41.79-41.92]). 

We did not find short-term variations from the XMM- 
Newton light curve from 2008. 


B.3. MARK573 


MARK 573 (also called UCG 1214) is _a double-barred galaxy 
that shows dust lanes (iMartini et al.l l20()Tl see also Appendix 
1C. II) . It was optically clas sified as a type 2 Seyfert galaxy 
(Oste rbrock & Marte 11119931) . Observations at 6 cm with VLA 
showed a triple radio source (lUlvestad & Wilsonll984l) . A point¬ 
like source is observed at hard X-rays, while extended emis¬ 
sion can be observed at soft X-rays, aligned with the bars (see 
Appendix 1C.111. It was c l assified as a Compton- thick cand idate 
(IGuainazzi et al j l2005bt iBianchi et al.l 120101 : ISevergnini et al.l 
120121 ) . 


This galaxy was observed four times with Chandra be¬ 
tween 2006 and 2010, and once with XMM-Newton in 2004. 
iBianchi et al.l (12010b analysed the Chandra data from 2006 and 
did not report flux variations when they compared their results 
with the analysis performed by IGuain azzi et all ( 2005bl) of the 
XMM-Newton spectrum from 2004. Paggi et al] (2012) studied 
the four Chandra observations, and fitted the nuclear spectrum 
with a combination of a two phased photoionized plasma plus 
a Compton reflection component (PEXRAV), reporting soft X- 
ray flux variations at 4cr of confidence level that they attributed 
to intrinsic variations of the source. We did not detect variations 
for this source, the difference most probably because we did not 
use two of these observations since they are affected by a pileup 

fra ction larger than 10%, _ 

iRamos Almeida et al.l (120081) analyzed the XMM-Newton 
light curve and found variations of ~ 300 s. They argued that this 
is an obscured narrow-line Seyfert 1 galaxy instead of a type 2 
Seyfert, based on near-IR data. We analysed two Chandra light 
curves but variations were not found. 


B.4. NGC 788 


This galaxy was_optically classified as a type 2 Seyfert by 
[Huchra et al.l (119821) . A radio counterpart was detected with 
VLA data (Nagaret al. 1999). At X-rays, it was classified as a 
Compton-thin candidate using ASCA data dde Rosa et al.ll2012h . 
and shows a point-like source in the 4.5-8 keV energy band (see 
Appendix IC. 11 1. 

It was observed once with Chandra in 2009 and once with 
XMM-Newton in 2010. Long term variability analyses of this 
source were not found in the literature. We did not find variations 
between the observations. 

Variations of this source in the 14-195 keV energy band 
were studied by ISoldi et akl (12013l) using data from the 
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Swift/ BAT 58-month survey. They reported an amplitude of the 
intrinsic variability of 15[11-19]%. 


B.5. ESO417-G06 


This galaxy was optically classified as a type 2 Seyfert galaxy 
(iMaia et al. 2003J). A radio counterpart was observed with VLA 
data ( Nagar - etal i [l999^It was classified as a Compton- thin can¬ 
didate ( Trinne et al.lhoi lh . 

This galaxy was observed twice with XMM-Newton in 2009. 
Long-term variability studies were not found in the literature. We 
found spectral variations due to changes in the absorber at hard 
X-ray energies. 

iTrinne et al.) 1 201 If reported short-term variations of a factor 
of ~2 in the count rate in the light curves from Swift/ BAT during 
the 22 month survey. 


B.6. MARK 1066 


MAR X 1066 is an early-type spiral galaxy (lAfanas’ev et ID 
1981 ) showing a double nucleus (iGimeno et ali20 04l). I t was_op- 
tically classified as a type 2 Seyfert by Goodrich & Osterbrockl 
( 19831) . and broad lines were not detected in polarized light 
( Gu& Hu ang] 20 02|). A radi o cou nterpart showing a jet was 
found by Ulvestad & Wilson 1 (119891) . At X-rays, extended soft 
emission can be observed, aligned with a nuclear spiral structure 
observed at optical frequencies, also aligned with the IR emis¬ 
sion (see Annendix IC.lb . lLevenson et alj ( 200ll ) found this to be 
a heavily obscured AGN, with Nh > 10 2A crrT 2 and an equivalent 
width of the Fe line ~ 3 keV using ROSAT and ASCA data, i.e., 
it was classified as a Compton-thick candidate. 

The galaxy was observed once with Chandra in 2003 and 
once with XMM-Newton in 2005. Variability studies of this ob¬ 
ject were not found in the literature. We did not find X-ray vari¬ 
ations either. 


B.7. 3C98.0 

Using the optical line measurements in ICostero & Osterbrockl 
(1977), it can be optically classified as a type 2 Seyfert (see 
an optical spectrum in Appendix 1C. lb . A nuclear core plus 
jets_structure was observed at radio frequencies with VLA 
dLeahv et al.lll997h . 

3C98.0 was observed twice with XMM-Newton in 2002 
and 2003 and once with Chandra in 2008. Ilsobe et akl d2005l) 
studied the two XMM-Newton data, and fitted its spectra with 
a thermal plus a power law model, reporting X-ray luminosi¬ 
ties of log(L(2-10keV)) = 42.90[42.88-42.93] and 42.66[42.60- 
42.71], respectively, indicating flux variability. These measure¬ 
ments agree well with ours, where variations due to the nuclear 
continuum were found. 

lAwaki et~aD ( 2006 ) studied short term variations of the 
XMM-Newton observation from 2003 and calculated a normal¬ 
ized excess variance of cr 2 NXS = 36 [1 - 62] x 10 3 . We did not 
find short-term variations from one Chandra light curve, where 
upper limits of the cr 2 NXS were calculated. 

We did not find long-term UV variations in the UVW1 filter. 

B.8. MARK3 

It w as optically classified as a type 2 Seyfert galaxy 
dKhachikian & Weedmanl 11974 see an optical spectrum in 
Appendix 1C. lb . Broad lines have been found in polarized light 


(iMiller & Goodrich! Il990i) . A high resolution image at 2 cm 
with VLA data shows a double nucleus at radio frequencies 
(lUlvestad & Wilsonll 1984) . This galaxy shows extended soft X- 
ray emission perpendicular to the IR emission and a point-like 
source at har d X-rays (see Appen dix |C.lb . I t is also a C ompton- 
thick source dBassani et al] [l999: Gouldin g et al.ll20T2h . with a 
column density of 1.1 x 1 0 24 cm 2 measured with BeppoSAX 
(ICappi et al.ll 19991) . 

It was observed 11 times with XMM-Newton between 
2000 an d 2012, and once with Chandra in 2012. iBianchi et al.l 
( 2005b ) reported variations of the normalization of the absorbed 
power law when comparing the XMM-Newton from 2001 with 
Chandra and BeppoSAX data. iGuainazzi et al . d2012j) studied 
the X-ray variability of this nucleus along 12 years of observa¬ 
tions with Chandra, XMM-Newton, Suzaku, and Swift satellites. 
Their analysis was performed in the 4-10 keV energy band. To 
estimate the luminosities, they fitted a pure reflection model plus 
Gaussian lines to the spectra individually, and reported a vari¬ 
ability dynamical range larger than 70%. They also used alter¬ 
native models to fit the data; variations found independently of 
the model used. They estimated the shortest variability timescale 
to be ~ 64 days from the measurement between two statistically 
inconsistent measures. From our analysis, variations due to the 
nuclear continuum were found, with an upper limit of the vari¬ 
ability timescale of ~ five months, t hus in agreement with the 
results presented bv lGuainazzi et al](l2012l) . 

Short-term variations from XMM-Newton data were not 
found neither by iGonzalez-Martin & Vaughan i (12012!) nor by 
ICappi et ah] (120061) from light curves from 2000 and 2001, re¬ 
spectively. 

I Soldi et all ( 2013 ) reported an amplitude of the intrinic vari¬ 
ability of 35[26-46]% in the 14-195 keV energy band using data 
from the Swift/ BAT 5 8-month survey. 

B.9. MARK 1210 

This galaxy, also called the Phoenix galaxy or UGC4203, 
was_ optically classified as a type 2 Seyfert by 
iDessauges-Zavadskv et al] (120001) . Broad lines have been 
observed in polarized ligh t using spectropolarimetric data 
dTran et al.ll 19921 [Tranl [l995). The HST image shows a nuclear 
spiral structure (see Appendix 0>. A very compact radio 
counterpart was found with VLA at 3.5 cm, with no evidence of 
jet structure (Falcke et al., 199 8). At X-rays, a point like source 
is observed in the 4.5-8.0 keV energy band (see Appendix lC.lt . 
It was classified as a C ompton- thick can didate by Bassani et al. 
dl999h . Furthermore, IGuainazzi et al] d2002l) classified this 
galaxy as a changing look AGN because transitions from 
Compton- thick (ASCA data) to Compton- thin (XMM-Newton 
data) were found. 

MARK 1210 was observed with Chandra six times be¬ 
tween 2004 and 2008, and once with XMM-Newton in 2001. 
iMatt et all d2009l) used Suzaku data from 2007 to study this 
source (caught in the Compton- thin state), and compared with 
previous observations from ASCA and XMM-Newton. They fit¬ 
ted the spectra with a power law, a Compton reflection, and 
a thermal (MEKAL) components, and found a change in the 
absorber, which was about a factor of 2 higher in Suzaku 
data. They obtained intrinsic X-ray luminosities of log(L(2-10 
keV)) = 42.87 and 43.04 for Suzaku and XMM-Newton data. 
iRisaliti et al.l ( 2010 ) simultaneously fitted the five Chandra ob¬ 
servations from 2008 using a model consisting on a doubled 
temperature plus power law to account for the soft energies, an 
absorbed power law, and a constant cold reflection component 
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(PEXRAV). They concluded that variations are found in both the 
intrinsic flux and in the absorbing column density. They reported 
a variability time scale of ~ 15 days, whereby they estimated 
the physical parameters of the absorbing material, concluding 
that they are typical of the broad line region (BLR). Their result 
agrees well with ours. 

lAwaki etafl (2 006;) studied short term variations from the 
X MM-Newton data a nd found <t 2 nxs - 5.5[0.0 - 11.0] x 1(L 3 . 

[Soldi et all (1201 3l> used data from the Swift/ BAT 58-month 
survey to account for the variability amplitude (S v = 24[15 - 
32]%) in the 14-195 keV energy band. 


spiral structure aligned with the soft X-ray emission, where the 
spiral structure can also be appreciated; this emission is perpen¬ 
dicular to the disc emission, observed at optical wavelenghts and 
aligned with the IR emission (see Appendix lC.il >. A point-like 
source is observed at hard X-rays (see Appendix 1C.Ik It is a 
Compfcw-thickobject observed by BeppoSAX (Nh > 10 25 cm~ 2 , 
IComastrill2004l) . 

This galaxy was observed once with XMM-Newton in 2003 
and six times with Chandra between 2004 and 2012. Variability 
studies were not found in the literature. We did not find X-ray 
variations, neither at short nor at long term. 


B.10. NGC3079 


B.13. NGC4507 


This galaxy was optically classified as a type 2 Seyfert dHo et al.l 
119971 based on the spectra presented in Appendix 1C. 111. Broa d 
lines were not detected in polarized light dGu & Huangil2002 ). 


The HST image shows dust lanes (Appendix ED. A water 
maser and parsec-scale jets were observed at radio frequencies 
with VLBI dTrotter et ahl 11998S) . The X-ray image in the 0.6- 
0.9 keV energy band shows strong diffuse emission, while a 
point-like source is detected in the 4.5-8.0 keV energy band (see 
Appendix 1C. 11 1. It has been classified as a Compton- thick ob¬ 
ject with BeppoSAX data (Nh = 10 25 cm~ 2 . IComastrl2004!) and 
evidences were found also at lower energies ( CanpjjstaL 2006; 

lAkvlas & Georgantopoulosl2009l : lBrightman & Nandrall201 1 al) . 

It was observed once with Chandra and once with XMM- 
Newton, both in 2001. We did not find variability studies of this 
source in the literature. We did not study its variability because 
the extranuclear emission in Chandra data was too high to prop¬ 
erly compare XMM-Newton and Chandra observations. 

It is worth noting that NGC 3079 is classified as a Compton- 
thin candidate in this work but it has been classified as a 
Compton- thick candidate bv ICappi et al] d2006 l) using the same 
XMM-Newton observation. Since these data have the lowest 
signal-to-noise ratio, this mismatch is most probably due to a 
problem related with the sensitivity of the data, because we used 
only data from the pn detector, while they combined pn, MOS1, 
and MOS2 data in their study, i.e. JCappi et al.l (12006?) data have 
higher signal-to noise. We notice that cross-calibration uncer¬ 
tainties between pn and MOS cameras may add systematic to 
statistical uncertainties that can conceil possible intrinsic vari¬ 
ability due to large error ba rs ({Kirsch et all 120041 : [ishida et al. 
1201 jj Tsuiimo to et alJlToi ll) . thus preventing us from doing a 
variability analysis. 


B.11. 1C 2560 

This galaxy was optically classified as a type 2 Seyfert dFairalll 
n~98 f| see an optical spectrum in Appendix 1C. Ik At hard X-rays 
it shows a point-like source (see Appendix lC.il ). It was classified 
as a Compton- thick object dBalokovic et all2014l) . 

It was observed once with XMM-Newton in 2003 and once 
with Chandra in 2004. Variability studies were not found in the 
literature. We do not report X-ray variations for this source, nei¬ 
ther at short nor at long term. 


B.12. NGC 3393 

NGC 3393 was optically classified as a type 2 Seyfert dDiaz et al.l 
ll988l . see an optical spectrum in Appendix lC.il ). A radio coun¬ 
terpart was found using VLA data, the galaxy showing a double 
structure dMorganti et al.l 19991) . The HST image shows a nuclear 


The nucleus of this galaxy was optically classified as a type 
2 Seyfert ([Corbett et al.l I2002L see an optical spectrum in 
Appendix 1C.lb . Broad lines have been detected in polarized 
light (iMoran et al.l2000l). A radio counterpart was observed with 
VLA data dMorganti et al.|[l999l) . At X-rays, it shows a point-like 
source in the hard en ergy band (see App endix 1C.lb . and it is a 
Compton-thin source dBassani et al.ll 19991 iBraito etal .112013l) . 

NGC 4507 was observed six times with XMM-Newton 
between _2001 and 2010, and once with Chandra in 2010. 
iMatt et ahl d2004l) studied Chandra and XMM-Newton data from 
2001. They fitted the XMM-Newton spectrum with a composite 
of two power laws, a Compton reflection component (PEXRAV), 
plus ten Gaussian lines, and the Chandra spectrum with a power 
law plus a Gaussian line (only in the 4-8 keV spectral range). 
They found that the luminosit y of the Chandra data w as about 
twice that of XMM-Newton. iMarinucci et al.l d2013l) studied 
five observations from XMM-Newton in 2010. They fitted the 
spectra with two photoionised phases using Cloudy, a thermal 
component, an absorbed power law, and a reflection compo¬ 
nent. They reported variations of the absorber in timescales be¬ 
tween 1.5—4 months. IBraito et ahl d2013l) studied XMM-Newton, 
Suzaku , and BeppoSAX data spanning ~ 10 years to study the X- 
ray variability of the nucleus. They fitted the spectra with the 
model that best represents the Suzaku data, composed by two 
power laws, a PEXRAV component, and eight Gaussian lines, 
and found variations mainly due to absorption but also due to 
the intensity of the continuum level. They also fitted the spectra 
with the mytorus mode FI. and obtained similar results, although 
the continuum varied less. We found variations in the absorber 
and the normalization of the power law, in agreement with the 
results by IBraito et al.l (120131) . 

We did not find short-term variations from the analysis of 
one XMM-Newton and another Chandra light curves. 

[Soldi et akl d2013l) reported an amplitude of the intrinsic vari¬ 
ability of 20[16-24]% in the 14-195 keV energy band using data 
from the Swift/BAI 58-month survey. 


B. 14. NGC 4698 


This galaxy was optically classified as a type 2 Seyfert (|Ho_et i al 


1997, see their spectra in Annendix IC.lb . Gonzalez-Martfn et al. 
(i2009bl) classified it as a LINER, but Bianchi et al] (12012F re¬ 


confirmed the type 2 Seyfert classification using optical ob¬ 
servations with the NOT/ ALFOSC/Gr7. A radio counterpart 
was found by [Ho & Ulve st adi (120011) at 6 cm with VLA data. 
iGeorgantonoulos & Zezas (2003) stated that this is an atypi¬ 
cal Seyfert 2 galaxy because it showed no absoption and lacks 
the broad line region. The Chandra image revealed point-like 
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sources around the nucleus which can be ultraluminous X-ray 
sources (ULX), the closest located at ~ 30" from the nucleus. At 
X-ravs. iGonzalez- Martmetal. (l2009bi) classified it as an AGN 
candidate, and lBianchi et al.l 0012 ). based on the \og(LxlL\oni ]) 
ratio, classified it as a Compton- thick candidate. 

This galaxy was observed twice with XMM-TJewton in 2001 
and 2010, and once with Chandra in 2010. lBianchi et aD (l2012h 
compared the XMM-Newton spectra and did not find spectral 
variations, in agreement with the results reported by us. 

We did not find UV variations in the UVM2 filter. 


B.15. NGC5194 

NGC5194, also known as M 51, is interacting with NGC5195. 
Optical and radio observations show extended emissions to the 
north and south of the nucleus, resulting from outflows generated 
by the nuclear activity dFord et al.ll 19851) . The extended emis¬ 
sion can be observed at soft X-ray energies (top-left image in 
Appendix ED. Moreover, the HST image shows a dusty nu¬ 
clear spiral structure that can also be observed at IR frequen¬ 
cies (see Appendix 1C.lb . This galaxy was optically classified 
as a type 2 Seyfert dHo et ali I1997L see their optical spectra in 
Annendix IC. lb . Broad lines were not detected in polarized light 
dGu & Huandl2002i) . A point-like source is detected at hard X- 
ray energies (see Annendix IC. lb . Around the nucleus, it shows 
at least seven ultraluminous X-ray sources (ULX); the nearest 
one located at ~ 28" from the nucleus (Dewangan et al.l|2005b . 
It was classified as a Compton -thick source using BeppoSAX 
data, with Nh — 5.6 x 1 0 24 cm~ 2 dComastri 2004 see also 
Terashima & Wilsonl 120011: iDewangan et al.1 20051 ICanni et al.1 
2006). 

This galaxy was observed 10 times with Chandra between 
2000 and 2012, and six times with XMM-Newton between 2003 
and 201 l. lLaMassa et all (201 ll) studied three Chandra observa¬ 
tions between 2000 and 2003. They simultaneously fitted these 
spectra with the ME2PL model, with spectral values in very 
good agreement with our SMF0 fitting, and estimated a luminos¬ 
ity of log(L(2-10keV))=38.95[38.42,39.45].They did not report 
variability between the observations. This result is in agreement 
with ours. 

iFukazawa et al.1 ( 2001 ) did not find short-term variability 
from BeppoSAX data. We studied six Chandra light curves and 
did not find short term variations either. 

UV variations were not detected from the UVW2 and UVM2 
filters, but variations were found in the UVW1 filter. However, 
since this is a Compton-thick source, variations are not expected, 
so it is most probably that the UV emission does not come from 
the nucleus. Therefore the variations might be related with, e.g., 
circumnuclear star formation. 


B.16. MARK268 

This galaxy was optically classified as a type 2 Seyfert by 
iKomossa & Schulz! ('1 9971 ). A radio counterpart was detected 
with VLA data at 6 cm, with a weaker com ponent 1.1 kpc away 
from the nucleus (lUlvestad & Wilsonll984l) . XMM-Newton data 
show a compact source at hard X-rays (see Annendix IC. lb . 

It was observed twice with XMM-Newton in 2008. 
Variability studies were not found in the literature. We did not 
find variations, but we notice that observations were obtained 
separated by only two days. 

UV variations are not found from the UVM2 and the UVW 1 
filters. 


B.17. MARK273 

Also called UGC 8696, this galaxy is an ultraluminous infrared 
galaxy with a_double nucleus that was optically classified as a 
LINER dVeilleux et al.l 11 995). but later re-class ified as a type 
2 Seyfert from better S/N data dKim et al.lll998l) . Optical spec¬ 
tra are presented in Appendix 1C. II together with an HST im¬ 
age which shows dust lanes. VLB A obse rvations showed a radio 
counterpart (e.g.. lCarilli & Tavlorll200(l) . Extended emission to 
the south is observed at soft X-rays, while it shows a point-like 
source at hard energies (Appendix 1C. lb . It was classified as a 
Compton -thick candidate dTeng et aU2009t) . 

It was observed once with Chandra in 2000, and five times 
with XMM-Newton between 2002 and 2013. iBalestra et al.l 
( 2005) fitted the Chandra and XMM-Newton spectra with a 
composite of three thermal plus an absorbed PL components 
and found similar spectral parameters, except in the value of 
the column densities (41 [35-47] and 69[50-85] xl0 22 c»r 2 , re¬ 
spectively). This result is compatible with ours, with Nhi be¬ 
ing responsible for the observed variations. In the same sense, 
iTeng et akl (20091) studied Suzaku data from 2006 and found 
spectral variations when comparing with Chandra and XMM- 
Newton data. They attributed the changes to the covering frac¬ 
tion of the absorber. 

We did not find short-term variations from the Chandra light 
curve, neither UV variations from the UVW 1 filter. 


B.18. Circinus 


It was optically classified as a type 2 Seyfert galaxy ( Oliva et al 


1994 ) and it shows broad lines in polarized light (Olivaetal 


19981) . The HST image shows dust lanes (Annendix IC. lb . ATCA 
observations show a_radio counterpart, a water maser, and large 
radio lobes (Elmouttie et_al. 19981) . Circinus is a Compton -thick 
source (Bassa nTet al.l 19991) . whi ch in fact was observed by 
BeppoSAX (Nh = 4.3 x 10 24 cm~ 2 . lMatt et aO 19991) . 

This galaxy was observed eight times with Chandra be¬ 
tween 2000 and 2010, and twice with XMM-Newton in 2001 
and 2014. The most comprehensive analysis of this source has 
recently been performed bv lArevalo et al.l (20141) . who analysed 
26 observations from NuSTAR, Chandra, XMM-Newton, Swift, 
Suzaku, and BeppoSAX satellites spanning 15 years and the en¬ 
ergy range 2-79 keV. They used different models to fit the data, 
based on PEXMON, My Torus, and Torus models (in XSPEC). 
Since different appertures were used for the analysis, they de¬ 
contaminated the extranuclear emission. They concluded that the 
nucleus did not show variations, in agreement with our result 
when comparing Chandra data. Moreover. I Arevalo et al.l (l2014i) 
found that extranuclear sources included in the larger apertures 
showed variations (an ultraluminous X-ray source and a super¬ 
nova remnant), also in agreement with our results when com¬ 
paring XMM-Newton data, where the extranuclear sources were 
included, and we found variations in both the normalizations at 
soft and hard energies. 

We analysed one Chandra light curves, but variations were 
not detected. 

The anal ysis of light curves from the Swift/BAX 58-month 
survey bv ISoldi et al.11201 3) showed a small variability ampli¬ 
tude of 11 [10-12]% in the 14-195 keV energy band. 


B. 19. NGC5643 

This gal axy was_ optically classified as a type 2 Seyfert 
(Phillips et al.l [79831 see an optical spectrum in Appendix 
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1C.lb . and broad lines were not detected in polarized light 
( Gu & Huanai 12002 1). The 11ST image shows a nuclear spiral 
structure (see Appendix 1C. lb . VIA data show a nuclear coun¬ 
terpart alongside fainter features extending to the east and west 
at radio frequencies dMorris et ali i 19851) . The XMM-Newton 
image shows a compact source at hard X-ray energies. This 
is a Compton -thick object observed with BeppoSAX ( Nh > 
I 0 25 cm 2 . IComastrill2004l) . 

It was observed twice with X MM-Newton in 20 03 and 2009, 
and once with Chandra in 2004. lMatt et al.l d201 3h analyzed the 
two observations from XMM-Newton, who found that the spec¬ 
tra are well reproduced by reflection from warm and cold matter. 
The spectral parameters were consistent with the same values for 
the two observations. Thus, variations are not observed. These 
results agree well with ours, where variations are not found. 


B.20. MARK477 


This object was classified as a type 2 Seyfert (iVeron et all 1997b, 
and b r oad lines ha ve been detected in polarized light (iTran et al.l 
Il992t iTranl 1 1 995h . The HST image reveals a structure around 
the nucleus, that could be a spiral or a circumnuclear ring (see 
Appendix 1C.lb. A nuclear counterpart w as found at 6 cm us¬ 
ing VIA data (lUlvestad & Wilson 1984 )- It w as classified as a 
Compton-thick candidate ( Bassani et al.l 19991) . 

The source was observed twice with ASCA in December 
1995; variations were not found when fitting a scattered power 
law plus a narrow line (iLevenson et alJ[200T ). 

It was observed twice with XMM-Newton in 2010. We did 
not find variations between these observations. 

iKinnev et al.l (119911) studied UV variability of this source 
with HST , but variations were not found. We did not find UV 
flux variations from the UVW1 filter. 


B.21. 1C 4518A 

This galaxy was optically classified as a type 2 Seyfert galaxy 
(iZaw et al.[|2009l) . The 2MASS image shows two interacting 
galaxies (see Appendix ICTb. It is a Compton -thin source 
(Bas sani et al.ll 19991 Ide Rosa et al.ll2008l) . 

It was observed twice with XMM-Newton in 2006. 
Variability analyses were not found in the literature. However, 
comparing the luminosities obtained by Ide Rosa et al.l d2012i) 
and lPereira-Santaella et al.l (1201 ll) of log(L(2-10 keV)) = 42.60 
and 42.34 for the different spectra, their results are suggestive of 
flux variability. In fact, these luminosities agreed well with our 
estimates. Our analysis shows that this variability is related with 
the nuclear continuum. 

B.22. ESO138-G01 

lAlloin et~ahl ( 1992 ) optically classified this galaxy as a type 
2 Seyfert. It s hows a j et-like morphology at radio frequen¬ 
cies (IMorganti et al.ll~i~999l) . The XMM -Newton image shows a 
compact source at hard X-ray energies (see Appendix 1C.lb . It 
was c lassified as a Compton -thick candidate (Collinge & Brandt 

l2000h . 

This galaxy was observed three times with XMM-Newton 
in 2007 and 2013. Variability analyses were not found in the 
literature. We did not find X-ray variations. 


B.23. NGC 6300 

NGC 6300 is a barred spiral galaxy, whose type 2 Seyfert clas¬ 
sification a_t_optical frequencies was derived from the data re¬ 
ported in lPhillips et al.l (119831) . The / 1ST image shows dust lanes 
(see Appendix ED - a nuclear counterpar t was found at ra - 
dio frequencies, without any jet structure dRvder et al .111 996}) . 
NGC 6300 was classified as a changing-look AGN, observed in 
the Compton -thick state with RXTE in 1997 and in the Compton- 
thin state with BeppoSAX in 1999 (lGuainazzill2002h . 

The galaxy was observed once with XMM-Newton in 2001, 
and five times with Chandra during 2009. iGuainazz 1 (Bool 
found variations due to a difference in the normalization of the 
power law when comparing BeppoSAX and RXTE data. Ah the 
observations analyzed in this work caught the object in the thin 
state. Variations in the normalizations at soft and hard energies 
we re found when comparin g Ch andra and XMM-Newton data. 

iMatsumoto et al.l (120041) and lAwaki et al.l (120051120061) stud¬ 
ied the light curve from XMM-Newton data and found rapid 
variations at hard energies. 

Variations in the 14-195 keV energy band were analyzed by 
[Soldi et ahi (1201 3h using data from the Swift/BAY 58-month sur¬ 
vey, who estimated an intrinsic variability amplitude of 17[ 14- 
20 ]%. 


B.24. NGC 7172 


NGC 7172 is an early t ype galaxy loca ted in the HCG 90 group, 
that shows dust lanes (Sharpies et al.i[T984 . see also Appendix 
Oil . Optically classified as a type 2 Seyfert (see an optical 
spectrum in Appendix 1C.lb . no broad lines have been observed 
in polarized light (Lumsden et al. 2001 1. A radio core was de¬ 
tected with VLA data (lUnger et alJl!987l) . At IR frequencies, 
Shar pies et al] (1 19841) found variations in timesclaes of about 
three months. The nucleus of this galaxy is not detected at UV 
frequencies with the OM (see Table I A. ll . Even if Chandra data 
are available for this source, they suffer from strong pileup. The 
XMM-Newton image shows a compact source (see Appendix 


ED- 

IGuainazzi et al.l d!998l) first reported X-ray flux variations in 
this source using ASCA data. They found short term variations 
(hours) from the analysis of a light curve from 1996 and long 
term variations when comparing the flux of these data with pre¬ 
vious data from 1995, when it was about three times brighter. 
iRisaliti (12002}) studied two BeppoSAX observations taken in 
October 1996 and November 1997 and fitted the data with an 
absorbed power-law, a thermal component, a cold reflection, a 
warm reflection and a narrow gaussian line. They reported very 
similar spectral parameters for the two spectra. 

This galaxy was observed once with Chandra in 2000 
and three times with XMM-Newton between 2002 and 2007. 
lLaMassa et al.l ( 201 1) analyzed the XMM-Newton spectra by 
fitting the data with the ME2PL model and needed to fit inde¬ 
pendently the normalization of the power law. They reported lu¬ 
minosities of log(L(2-10 keV)) = 42.961:0.03 (for the spectrum 
from 2007) and 42.6170.03 (for the other two spectra). These 
res ults agree we ll with our SMF1. 

lAwaki et~akl ( 20061 ) analyzed the XMM-Newton light curve 
from 2002. They did not find significant variability when com¬ 
puting the normalized e xcess variance. 

At higher energies, iBeckmann et al. (120071) reported an in¬ 
trinsic variability of Sy c = 1279% within 20 days using 
Swift /BAT data, and using data from the SwiftfBXT 58-month 
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survey, ISoldi et ah ( 201 3) reported a variability amplitude of 
28[25-31]%, both in the 14-195 keV energy band. 

B.25. NGC7212 

This galaxy is interacting with a companion (see the 2MASS 
image in Appendix 1C. lb . It was_optically classified as a type 
2 Seyfert galaxy ( IVeilleux & Osterbrockfl 19871 see an optical 
spectrum in Appendix 1C.lb . Broad lines were detected in po¬ 
larized light (iTran et al.i 1 1992h . At radio wavelenghts, a nu¬ 
clear counterpart was found together with the interacting galaxy 
dFalcke et al.lll998T) . A point-like source is detected at hard X- 
rays (see Appendix 1C.lb. It was classified as a Compton- thick 
candidate (ISevergnini et al.ll2012h . 

It was observed once with Chandra in 2003 and once with 
XMM-Newton in 2004. iBianchi et al.l (120061) reported the same 
fluxes for the two spectra, also in agreement with our results. 


ably in the F814W filter but when it was not available we re¬ 
trieved an image in the F606W filter. HST data have been pro¬ 
cessed following the sharp d ividing method to show the inter¬ 
nal structure of the galaxies (Marquez & Moles 1996). The red 
squares in the bottom images represent the area covered by the 
HST image (presented in the bottom-right panel when available). 
In all images the gray levels extend from twice the value of the 
background dispersion to the maximum value at the center of 
each galaxy. We used IRAbFI to estimate these values. 

C.2. Chandra and XMM-Newton images 

In this appendix we present the images from Chandra (left) and 
XMM-Newton (right) that were used to compare the spectra from 
these two instruments in the 0.5-10 keV band. In all cases, the 
gray scales extend from twice the value of the background dis¬ 
persion to the maximum value at the center of each galaxy. 


B.26. NGC7319 


NGC7319 is a spiral galaxy located in the Stephan’s Quintet, a 
group composed by six galaxies including a core of three galax¬ 
ies dTrinchieri et al.ll2003l) . These three galaxies were also ob¬ 
served at radio wav elenghts with VIA ( A okietal.l [l999) and 
later with MERLIN (Xanthopoul os et al.ll2004l) , revealing a jet 
structure in NGC 7319. It has been optically confirmed as a type 
2 Seyfert (iRodrfguez-Baras et alJl2014l see an optical spectrum 
in Appendix 1C.lb . The nucleus of this galaxy is not detected at 
UV frequencies with the OM (see Table lA. it . At X-rays, a point¬ 
like source is observed in the 4.5-8.0 keV energy band, and it 
shows extended emission at soft X-ray energies (Appendix IC. lb . 

It was observed twice with Chandra in 2000 and 2007, and 
once with XMM-Newton in 2001. We did not find variability 
studies in the literature. We found variations in the nuclear power 
of the nucleus, accompained by absorber variations at soft ener¬ 
gies. 

One Chandra and the XMM-Newton light curves were anal¬ 
ysed, but short-term variations were not detected. 


Appendix C: Images 

The images in the next sections will be published in the journal. 


C. 1. Optical spectra , and X-ray, 2MASS and optical HST 
images 

In this appendix we present images at different wavelenghts for 
each energy, and the optical spectrum when available from NED. 

At X-rays we extracted Chandra data in four energy bands: 

0.6-0.9 keV (top-left), 1.6-2.0 keV (top-middle), 4.5-8.0 keV 
(top-right), and 0.5-10.0 keV (bottom-left). The csmooth task 
included in CIAO was used to adaptatively smooth the three im¬ 
ages in the top panels (i.e., the images in the 0.5-10.0 keV energy 
band are not smoothed), using a fast Fourier transform algorithm 
and a minimum and maximum significance level of the signal- 
to-noise of 3 and 4, respectively. When data from Chandra was 
not available, XMM-Newton images were extracted in the same 
energy bands, and the asmooth task was used for adaptatively 
smooth the images. At infrared fr equ encies, we retrieved an im¬ 
age from 2MASS in the K s filtciFl. At optical frequencies we 
used images from the Hubble Space telescope (//.ST FI prefer- 

13 http://irsa.ipac.caltech.edu/applications/2MASS/IM/interactive.html _ 

14 http://hla.stsci.edu/ 15 http://iraf.noao.edu/ 
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Appendix D: Light curves 

In this appendix the plots corresponding to the light curves are provided. Three plots per observation are presented, corresponding 
to soft (left), hard (middle), and total (right) energy bands. Each light curve has a minimum of 30 ksec (i.e., 8 hours) exposure time, 
while long light curves are divided into segments of 40 ksec (i.e., 11 hours). Each segment is enumerated in the title of the light 
curve. Count rates versus time continua are represented. The solid line represents the mean value, dashed lines the 1 <x from the 
average. 
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